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President _ Roy  M.  Carter 

Professor,  School  of  Forestry,  North  Carolina  State  College,  Raleigh,  North  Carolina 

President-Elect _ Kenneth  G.  Chesley 

Director  of  Research,  Crossett  Lumber  Co.,  Crossett,  Arkansas 

Vice-President  _ Robert  D.  Pauley 

Manager,  Special  Products  Division,  Weyerhaeuser  Timber  Company,  Longview,  Washington 

Past  President _ James  F.  Hamilton 

Director  of  Research,  U.  S.  Bobbin  &  Shuttle  Co.,  Lawrence,  Massachusetts 

Executive  Secretary _ 1 - Frank  J.  Rovsek 

Box  2010,  University  Station,  Madison  5,  Wisconsin 


REGIONAL  BOARD  MEMBERS 

North-Central _ Ralph  H.  Bescher 

Manager,  Technical  Department,  Wood  Preservation  Division,  Koppers  Co.,  Inc.,  Orrville,  Ohio 

Southwest _ ; - L.  J.  Carr 

General  Manager,  L.  J.  Carr  &  Co.,  Box  1282,  Sacramento,  California 

Southeast  _ Richard  A.  Hertzler 

Office  of  Secretary,  U.  S.  Department  of  Agriculture,  Room  4l6A,  Washington  25,  D.  C. 

South-Central _ M.  B.  Christian 

Director  of  Research,  Chicago  Mill  &  Lumber  Company,  Tallulah,  Louisiana 

Northwest _ Fred  R.  Armbruster 

Manager,  Sales,  Northwest,  Dow  Chemical  Company,  1702  Textile  Tower,  Seattle,  Washington 

Northeast _ W.  Burdette  Wilkins 

Consulting  Engineer,  245  East  Ridgewood  Avenue,  Ridgewood,  New  Jersey 


SECTION  OFFICERS 


Carolinas-Chesapeake,  1951-1952 

Chairman,  Monie  S.  Hudson,  Taylor-Colquitt 
Co.,  Spartanburg,  South  Carolina 
Vice  Chairman,  R.  E.  Palmer,  Henry  Co.,  Ridge¬ 
way,  Virginia 

Sec.-Treas.,  E.  S.  Harrar,  Duke  University,  Dur¬ 
ham,  North  Carolina 

Trustee,  M.  G.  Hill,  Drexel,  North  Carolina 
Trustee,  H.  V.  Thaden,  Roanoke,  Virginia 
Trustee,  E.  H.  Lane,  Jr.,  Altavista,  Virginia 
Trustee,  S.  A.  White,  Mebane,  North  Carolina 
Trustee,  W.  L.  Irwin,  Pickens,  South  Carolina 
Trustee,  H.  B.  McKean,  Washington,  D.  C. 


Deep  South  Section,  1951-1952 

Chairman,  Richard  F.  West,  Louisiana  State 
University,  Baton  Rouge,  Louisiana 
Vice  Chairman,  W.  Jeter  Eason,  Nickey  Bros., 
Inc.,  Memphis,  Tennessee 
Sec.-Treas.,  R.  K.  Speairs,  Jr.,  Centenary  College, 
Shreveport,  Louisiana 
Trustee,  E.  A.  Behr,  Memphis,  Tennessee 
Trustee,  E.  R.  Linn,  Stillwater,  Oklahoma 
Trustee,  W.  L.  Lear,  Crossett,  Arkansas 
Trustee,  J.  F.  Haskins,  Jackson,  Mississippi 
Trustee,  P.  R.  Kramer,  Lufkin,  Texas 
Trustee,  G.  C.  Lucas,  Garden  City,  Louisiana 
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Florida-Georgia-Alabama,  1951-1952 

Chairman,  Wilbur  B.  DeVall,  Alabama  Poly¬ 
technic  Institute,  Auburn,  Alabama 

Vice  Chairman,  Milton  E.  Ryberg,  U.  S.  Forest 
Service,  Gainesville,  Florida 

Sec.-Treas.,  Dean  B.  Richards,  Alabama  Poly¬ 
technic  Institute,  Auburn,  Alabama 

Trustee,  C.  B.  McCranie,  Willacoochee,  Fla. 

Trustee,  Harley  Langlade,  Jr.,  Valdc)sta,  Ga. 

Trustee,  B.  E.  Anderson,  Atlanta,  Georgia 

Great  Lakes  Section,  1951-1952 

Chairman,  A.  J.  Panshin,  Michigan  State  Q)llege, 
East  Lansing,  Michigan 

1st  Vice  Chairman,  L.  A.  Patronsky,  University 
of  Michigan,  Ann  Arbor,  Michigan 

2nd  Vice  Chairman,  R.  Bennett,  Jr.,  Ply-Curves, 
Inc.,  Holland,  Michigan 

Secretary,  Wayne  F.  Hutchins,  Baker  Furniture, 
Inc.,  Holland,  Michigan 

Treasurer,  Stephen  D.  Pryce,  John  Widdicomb 
Co.,  Grand  Rapids,  Michigan 

Inland  Empire  Section,  1951-1952 

Chairman,  L.  V.  Brown,  Northwest  Timber  Co., 
Gibbs,  Idaho 

Vice  Chairman,  Howard  R.  Dix,  •  Anaconda 
Copper  Mining  Co.,  Bonner,  Montana 

Sec.-Treas.,  John  W.  Titcomb,  Potlash  Forests, 
Inc.,  Lewiston,  Idaho 

Trustee,  A.  D.  Decker,  Newport,  Washington 

Trustee,  C.  O.  Graue,  Coeur  d’Alene,  Idaho 


Midwest  Section,  1951-1952 

Chairman,  George  Stanley,  Pressed  Steel  Car  Co., 
La  Grange  Park,  Illinois 

Vice  Chairman,  Ralph  Casselman,  Paine  Lumber 
Co.,  Ltd.,  Oshkosh,  Wisconsin 

Secretary,  J.  J.  Allegretti,  Masonite  Corp.,  Chi¬ 
cago,  Illinois 

Treasurer,  Bruce  Heebink,  U.  S.  Forest  Products 
Laboratory,  Madison,  Wisconsin 

Trustee,  F.  J.  Heid,  Rockford,  Illinois 

Trustee,  R.  L.  Hiller,  Hartland,  Wisconsin 

Trustee,  Roy  Newstedt,  DeKalb,  Illinois 

Trustee,  W.  S.  Park,  New  London,  Wisconsin 

Northeast  Section,  1951-1952 

Chairman,  F.  E.  Dickinson,  Yale  University,  New 
Haven,  Connecticut 

Vice  Chairman,  F.  T.  Parrish,  Heywood-Wake- 
field  Co.,  Gardner,  Massachusetts 

Sec.-Treas.,  W.  J,  Delmhorst,  Delmhorst  Instru¬ 
ment  Co.,  Boonton,  New  Jersey 

Trustee,  C.  L.  Babcock,  New  York,  New  York 

Trustee,  James  Tynan,  Chicopee,  Massachusetts 

Trustee,  Charles  Lockard,  Upper  Darby,  Pa. 

Trustee,  Robert  Zabel,  Syracuse,  New  York 

Northern  California,  1951-1952 

Chairman,  Ray  E.  Shreck,  Union  Lumber  Co., 
San  Francisco,  California 
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Vice  Chairman,  A.  B.  Anderson,  University  of 
California,  Berkeley,  California 

Sec.-Treas.,  Willard  E.  Pratt,  California  Redwood 
Association,  Eureka,  California 

Trustee,  J.  C.  Rowney,  Oakland,  California 

Trustee,  B.  C.  Manson,  San  Francisco,  California 

Ohio  Valley  Section,  1952 

Temporary  Chairman,  R.  K.  Stem,  Chester  B. 

.  Stem,  Inc.,  New  Albany,  Indiana 

Pacific  Northwest,  1951-1952 

Chairman,  Carl  C.  Castle,  Dow  Chemical  Co., 
Seattle,  Washington 

Vice  Chairman,  H.  D.  Erickson,  University  of 
Washington,  Seattle,  Washington 

Sec.-Treas.,  Carl  A.  Rasmussen,  Western  Pine 
Association,  Portland,  Oregon 

Trustee,  E.  W.  Wellwood,  New  Westminster, 
B.  C. 


Pacific  Southwest,  1951-1952 

Chairman,  A.  V.  Pedersen,  Economy  Farm  Struc¬ 
tures,  Los  Angeles,  California 

Vice  Chairman,  Ted  Combs,  Arch  Rib  Truss 
Corp.,  Los  Angeles,  California 

Sec.-Treas.,  E.  S.  Feldman,  Furniture  Assn,  of 
Southern  California,  Los  Angeles,  California 

Trustee,  Jack  Layman,  Los  Angeles,  California 

Trustee,  J.  R.  Barnes,  Alhambra,  California 

Upper  Mississippi  Valley,  1951-1952 

Chairman,  Thure  C.  Duvall,  Wood  Conversion 
Co.,  Cloquet,  Minnesota 

Vice  Chairman,  W.  D.  Connor,  Connor  Lumber 
&  Land  Co.,  Marshfield,  Wisconsin 

Secretary,  Arne  K.  Kemp,  University  of  Minne¬ 
sota,  St.  Paul,  Minnesota 

Treasurer,  Howard  Olson,  Chapman  Chemical 
Co.,  Minneapolis,  Minnesota 


COMMITTEES 


1951  National  Meeting  &  Industry  Show 

General  Chairman,  W.  B.  Wilkins,  Ridgewood, 
N.  J. 

Technical  Program  Chairman,  Roy  M.  Carter, 
North  Carolina  State  College 

Participating  Organizations  in  Program 

American  Paper  &  Pulp  Assn.,  Howard  W. 
Morgan 

American  Society  of  Mechanical  Engineers,  E. 
Sigurd  Johnson 

American  Society  for  Testing  Materials,  Lyman 
W.  Wood 

American  Wood-Preservers’  Assn.,  R.  H.  Bescher 

Assn.  Mfgrs.  Woodworking  Machinery,  R.  C. 
DuBrucq 

Forest  Products  Research  Society,  R.  H.  Hertzler 

Northeastern  Wood  Utilization  Council,  Edgar  L. 
Heermance 

Society  of  American  Foresters,  Fred  E.  Dickinson 

Society  of  the  Plastics  Industry,  Chas.  B.  Hem¬ 
ming 

Industry  Show  Chairman,  Eugene  O’Hare,  New 
York  City 

Logging  &  Sawmilling,  Fred  C.  Simmons,  U.  S. 
Forest  Service 


Philadelphia  Arrangements  Chairman,  Norman 
C.  Bye,  Disston  &  Sons 
Albert  Juram,  Disston  &  Sons 
Chester  Babcock,  Babcock  Machinery 
E.  L.  Frick,  Disston  &  Sons 
R.  W.  MacWhorter,  Disston  &  Sons 

R.  D.  Brooks,  Firth  Sterling  Steel  Co. 

Field  Trip  Chairman,  Charles  R.  Lockard,  U.  S. 
F.  S. 

Industrial  Motion  Pictures,  Chairman,  R.  C. 
Fraunberger,  Philco  Corp. 

S.  Ward  Hughes,  Thompson  Mahogany  Co. 
Finance  Chairman,  Rudolph  Willard,  Ridgewood, 

N.J. 

Publicity  Chairman,  Paul  H.  Graham,  Man¬ 
chester,  N.  H. 

Publications  Committee 

Chairman,  1.  H.  Isenberg,  Institute  of  Paper 
Chemistry 

Vice  Chairman,  F.  F.  Wangaard,  Yale  School  of 
Forestry 

E.  A.  Behr,  Chapman  Chemical  Co. 

J.  S.  Bethel,  North  Carolina  State  College 
R.  A.  Cockrell,  U  of  California 
J.  B.  Grantham,  Oregon  State  College 
R.  C.  Rietz,  U.  S.  Forest  Products  Lab. 

J.  F.  Saeman,  U.  S.  Forest  Products  Lab. 
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National  Membership  Committee 

Chairman,  R.  D.  Pauley,  Weyerhaeuser  Timber 
Co. 

P.  H.  Graham,  Manchester,  N.  H. 

B.  E.  Anderson,  Atlanta,  Ga. 

J.  W.  Eason,  Nickey  Bros. 

J.  J.  Allegretti,  Masonite  Corp. 

R.  G.  Lenox,  Williams  Furniture 
R.  Bennett,  Jr.,  Ply-Curves  Inc. 

T.  C.  Spaulding,  Montana  State  Univ. 

A.  C.  Knauss,  U.  S.  Forest  Service 
J.  C.  Rowney,  Rowney  and  Toedt  Co. 

J.  R.  Barnes,  Moisture  Register  Co. 

Gus  Seidel,  Splicedwood,  Inc. 

Subject  Matter  Committees 

Chairman,  Fred  R.  Armbruster,  Dow  Chemical 

Education,  Chairman,  R.  W.  Wellwood,  Univer¬ 
sity  of  British  Columbia 
A.  J.  Panshin,  Michigan  State  College 
F.  F.  Wangaard,  Yale 
J.  S.  Bethel,  North  Carolina  State 
R.  A.  Zabel,  New  York  State 

L.  A.  Patronsky,  University  of  Michigan 

.  Drying,  Chairman,  R.  C.  Rietz,  U.  S.  Forest 
Products  Lab.  * 

Glues  and  Gluing,  Allan  Marra,  Univ.  of  Mich¬ 
igan 

Quality  Control,  J.  S.  Bethel,  North  Carolina 
State 

Wood  Machining  &  Equipment,  L.  A.  Patronsky, 
Univ.  of  Michigan 

Past-Chairman,  R.  H.  Hertzler,  U.  S.  D.  A. 

Finance  and  Budget  Committee 

Chairman,  R.  D.  Pauley,  Weyerhaeuser  Timber 

M.  B.  Christian,  Chicago  Mill  and  Lumber 
F.  R.  Armbruster,  Dow  Chemical 

Auditors  Committee 

Chairman,  L.  Markwardt,  U.  S.  F.  P.  L. 

Don  Coleman,  U.  S.  F.  P.  L. 

Employment  Committee 

Chairman,  Ira  Hatfield,  Monsanto  Chemical 
E.  S.  Johnson,  N.  C.  State  College 
R.  Zabel,  New  York  State  College 
J.  N.  Tynan,  A.  G.  Spalding  Co. 

Past  Chairman,  P.  M.  Dunn,  Forestry  Research 
Foundation 


National  Nominating  Committee 

Chairman,  G.  A.  Garratt,  Yale  University 
J.  B.  Cunningham,  Woodwelding,  Inc. 

D.  V.  Redfern,  American  Marietta 

E.  R.  Linn,  Oklahoma  A.  &  M. 

M.  S.  Hudson,  Taylor-Colquitt 
J.  H.  Sweeney,  Aetna  Plywood 

Northwest  Regional  Nominating  Conunittee 

Chairman,  P.  M.  Dunn,  Forestry  Research  Foun¬ 
dation 

R.  W.  Wellwood,  Univ.  of  British  Columbia 
T.  K.  May,  West  Coast  Lumberman’s  Assoc. 

H.  Z.  White,  St.  Maries  Lumber  Co. 

A.  J.  Norton,  Seattle,  Wash. 

Northeast  Regional  Nominating  Committee 
Chairman,  J.  N.  Tynan,  A.  G.  Spalding 
W.  J.  Delmhorst,  Delmhorst  Instrument 
C.  L.  Babcock,  Babcock  Machinery 
G.  Baker,  University  of  Maine 
L.  E.  Gumming,  N.  Tonawanda,  N.  Y. 

Advertising  Committee 

O.  Harry  Schrader  Jr.,  T.  C.  Combs,  Paul 
Graham,  S.  W.  Anderson,  Walton  R.  Smith, 
John  Barnes,  Armin  Elmendorf,  E.  C.  Pound- 
stone 

1952  National  Meeting  Committee 
General  Chairman,  R.  H.  Bescher,  Koppers  Co. 
Program  Chairman,  K.  G.  Chesley,  Crossett  Co. 
Arrangements,  R.  Hiller,  American  Cyanamid 
Entertainment,  Casper  Stmng,  Bakelite;  Stanley 
Gebarski,  Allis-Chalmers 
Housing,  George  Stanley,  Pressed  Steel 

Transportation,  F.  F.  Beil,  Curtis  Co.;  Joe  Paul, 
Phenix  Mfg. 

Ladies,  Marie  Roberts,  U.  S.  F.  P.  L. 

Alice  Locke 
Betty  Rovsek 
Florence  Van  Kleeck 

Field  Trips,  Howard  Bostwick;  Donald  Coleman, 
U.  S.  F.  P.  L.;  R.  K.  Prince,  Allis-Chalmers 

Publicity,  A.  Stuart,  John  Widdicomb  Co. 
Richard  Art,  Western  Advertising 
Richard  Brown,  Rockwell  Mfg. 

William  Barta,  Rockwell  Mfg. 

Frank  Champion,  U.  S.  F.  P.  L. 

Walter  Hagstrom,  Mattison  Mach. 

Host  Sc  Membership,  J.  Allegretti,  Masonite 
Finance,  Fred  J.  Heid,  Ekstrom,  Carlson 


SUPPORTING  MEMBERS 


A 

Aetna  Plywood  and  Veneer 

Co.  l}40s 

(George  Sellers) 

1731  Klston  Ave., 

Chicago  22,  Illinois 

American  Defibrator  Inc.  1 149> 

(Uno  Lowgren,  Pres.), 

405  Lexington  Ave., 

New  York  17,  New  York 

American  Marietta  Company,  Adhes¬ 
ive,  Resin  &  Chemical  Div.  1553s 
(Donald  V.  Redfern,  Technical  Dir.), 
3400  Thirteenth  Ave.,  S.  W. 
Seattle  4,  Washington 


B 


Baker  Furniture,  Inc.  384s 

(Hollis  S.  Baker,  President), 
Exhibitors  Building, 

Grand  Rapids  2,  Michigan 

The  Baldwin  Conmany  1206s 

(Lucien  Wulsin,  Pres.), 

1801  Gilbert  Ave., 

Cincinnati  2,  Ohio 

Baxco  Corporation  1195s 

(W.  E.  Doan,  Gen.  Mgr.) 

541  Pittock  Block 
Portland  5,  Oregon 

Bloedel,  Stewart  &  Welch, 

Ltd.  1316s 

(Prentice  Bloedel,  Pres,  and  Treas.). 
904  Standard  Bldg., 

Vancouver,  British  Columbia 

Borden  Company,  Chemical 

Division  342s 

(W.  F.  Leicester,  President) 

350  Madison  Ave. 

New  York  17,  New  York 

Bradley  Lumber  Company  of 

Arkansas  1087s 

(O.  Hilton,  President) 

Warren,  Arkansas 

British  Columbia  Lumber  Manuta'' 
turers  Association  ,  1178s 

(L.  R.  Andrews,  Exec.  V.'P.), 

837  W.  Hastings  St. 

Vancouver,  British  Columbia 


Canadian  Forest  Products 
Limited 

(John  G.  Prentice,  V.  P.  and  Secy.) 

Foot  Braid  Street 

New  Westminster,  B.  C. 


L.  J.  Carr  &  Company  1171s 

(L.  J.  Carr,  General  Manager) 

Box  1282,  65th  &  R  Streets 
Sacramento,  California 


Cascade  Pacific  Lumber  Co.  1181s 
(John  J.  Helm,  Manager) 

319  Pacific  Bldg., 

Portland  4,  Oregon 


Cascades  Plywood  Corn. 
(Charles  W.  Fox,  V.  P.) 
1016  Public  Service  Building 
Portland  5,  Oregon 


1628s 


The  Champion  Paper  &  Fibre 
Co.  n77s 

(W.  J.  Damtoff) 

Canton,  North  Carolina 


Chapman  Chemical  Company  2755s 
(A.  Dale  Chapman,  President) 

707  Derman  Bldg. 

Memphis,  Tennessee 

The  Connor  Lumber  and  Land 
Co.  1192  s 

(G.  R.  Connor,  Mgr.  Michigan  Di¬ 
vision), 

Wakefield,  Michigan 

Peter  Cooper  Corporation  1221s 
(R.  Tutt,  G.  Grace,  J.  R.  Hubbard) 
Gowanda,  New  York 

Crane  Mills  1166s 

(H.  R.  Crane,  President) 

Box  536 

Corning,  California 

Crawford  Furniture  Mfg. 

Corp.  2034s 

(Clyne  Crawford,  President) 

957  Allen  Street 
Jamestown,  New  York 

Crossett  Lumber  Co.  421s 

(Kenneth  G.  Chesley,  Director  of 
Research) 

Crossett,  Arkansas 

Curtis  Companies,  Incorporated  1498s 
(F.  F.  Beil,  Dir.  of  Research) 

114  Twelfth  Ave.  South, 

Clinton,  Iowa 


E.  L.  Bruce  Co.  231s 

iC.  Arthur  Biuce,  Exec.  V.  P.), 

Box  397, 

Memphis,  Tennessee 

Buckeye  Screen  &  Weatherstrip 
Company  1203s 

(George  H.  Barr,  Pres,  and  Gen. 
Mgr.). 

1365  South  Ohio  Avenue 
Columbus  6,  Ohio 

The  Buckstaff  Company  3222s 

(S.  D.  Buckstaff) 

1122  South  Main  Street 
Oshkosh,  Wisconsin 


c 

California  Cedar  Products 
Co.  1292s 

(Robert  E.  Partch,  V.  P.  &  Treas.) 
Box  528. 

Stockton.  California 

California  Redwood  Association 
(B.  C.  Manson)  14825 

405  Montgomery  Street 
San  Francisco  4,  California 

Wm.  Camfon  &  Co..  Inc.  1291s 

(Ruel  Weddington,  V.  P.) 

P.  O.  Drawer  889 

Waco,  Texas 


D 


Deer  Park  Pine  Industry,  Inc.  1313s 
(J.  H.  Leuthold,  Pres.  &  Gen.  Mgr.). 
Deer  Park,  Washington 

Deluxe  Saw  &  Tool  Co.  2958s 

(A.  G.  Feldman) 

2476  Blue  Island  Ave. 

Chicago  8,  Illinois 

Dierks  Lumber  &  Coal  Co.  1180s 
(Frederick  M.  Dierks,  Exec.  Engr.). 
Mountain  Pine,  Arkansas 

Douglas  Fir  Plywood 
Association  1151s 

(N.  S.  Perkins,  Technical  Dir.), 
101  Tacoma  Bldg., 

Tacoma  2,  Washington 

The  Dow  Chemical  Company  1559s 
(Frank  B.  Smith,  Technical  Service 
and  Development  Div.), 

Midland,  Michigan 

Downingtown  Manufacturing 
Co.  1381s 

(Harry  C.  Merritt,  V.  P.), 
Downingtown,  Pennsylvania 

Draper  Corporation  1213s 

(W.  C.  Lewison,  Resident  Mgr.), 
Beebe  River,  New  Hampshire 


T'he  Dunbar  Furniture  Mfg. 

Co.  11651 

(Harold  D.  Sprunger,  V.  P.) 

Berne,  Indiana 


E 

Eatonville  Lumber  Company  75s 
(G.  E.  Karlen.  General  Manager), 
7111  Tacoma  Building, 

Tacoma  2,  Washington 

Everett  Piano  Company  1212s 

(George  H.  Stanley,  Pres.), 

Indiana  Ave.  &  Elkenburg  St., 

South  Haven,  Michigan 


F 

Firth  Sterling  Steel  &  Carbide 
Corp.  3162s 

(Melvin  P.  Boggs) 

3113  Forbes  St. 

Pittsburgh  30,  Pennsylvania 

Fox  Bros.  Manufacturing  Co.  1075s 
(Charles  F.  Paul,  Pres.  &  Gen. 

2717  Sidney  St., 

St.  Louis  4,  Missouri 

Frick  Company  l<67s 

(D.  Norris  Benedict,  Pres,  and  Gen. 
Mgr.), 

W.  Main  St., 

Waynesboro,  Pennsylvania 

Fyles  &  Rice  Company.  Inc.  1131s 
(Delbert  M.  Stearns,  Pres.), 

Bethel,  Vermont 


G 

Greenlee  Tool  Co.  1175s 

(A.  H.  Hawkinson,  Asst.  Sales 
Manager) 

2136  Twelfth  St., 

Rockford,  Illinois 
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1951  NATIONAL  ANNUAL  MEETING 


Participating  in  the  Technical  Program,  besides 
the  Forest  Products  Research  Society,  were  eight 
allied  organizations — American  Paper  and  Pulp 
Association,  American  Society  of  Mechanical  Engi¬ 
neers,  American  Society  for  Testing  Materials, 
American  Wood-Preservers’  Association,  Keystone 
Dry  Kiln  Club,  Northeastern  Wood  Utilization 
Council,  Society  of  American  Foresters,  and  Society 
of  the  Plastics  Industry. 

Technical  Sessions  were  held  concurrently  in  the 
Ballroom,  and  Room  300  of  Convention  Hall, 
Philadelphia.  Session  I  was  opened  by  President 
Hamilton  at  2  p.m.,  Monday,  May  7. 

Registration 

Registration  was  opened  at  4:00  p.m.,  Sunday, 
at  the  Ben  Franklin  hotel,  resuming  at  8:30  a.m., 
Monday,  in  Convention  Hall.  Members  of  all  par¬ 
ticipating  organizations  paid  a  $5.00  registration 
fee,  non-members,  $10.00,  entitling  them  also  to 
admission  to  the  industry  show,  and  to  a  set  of 
preprints  of  papers  to  be  presented.  During  the  five 
days  a  total  of  2,313  persons  registered  for  the 
Industry  Show  and  Technical  Sessions.  The  total 
combined  attendance  at  ten  Sessions  was  1,110. 
The  meeting,  while  attended  largely  by  East  Coast 
people,  drew  representatives  from  44  states,  Canada, 
and  foreign  countries,  including  France,  Sweden, 
Germany,  Scotland,  Israel,  Cuba,  East  Africa,  and 
the  Philippines. 

General  Assembly  Luncheon 

President  Hamilton  extended  the  official  welcome 
of  the  Society  to  the  registrants  and  participating 
organizations,  Tuesday,  at  the  official  luncheon  held 
in  the  Center  Building,  Convention  Hall.  Special 
recognition  was  extended  to  the  members  of  the 


Photos — top,  a  representative  group  of  the  more  than 
50  experts  who  presented  papers  at  the  FPRS  1951 
National  Meeting;  right — Convention  Hall;  general  view 
of  registration;  new  president  Roy  M.  Carter  addresses  the 
members;  C.  Arthur  Bruce,  past-director,  N.  P.  A.  Lumber 
and  Wood  Products  division. 
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Left — President  Hamilton  looks  on  as  President-elect  Chesley  reports  on  Consti¬ 
tution;  Blake  O’Conor;  typical  group  at  President's  reception  and  banquet. 


President’s  Reception 

An  informal  reception  preceded  the  banquet  held 
in  the  Crystal  Ballroom  of  the  Ben  Franklin  hotel. 
Toastmaster  George  A.  Garratt,  Dean  of  the  School 
of  Forestry,  Yale  University,  presented  outgoing 
president  Hamilton  with  a  handsome  set  of  luggage. 
After  dinner  speakers  included,  David  M.  Walker, 
Secretary  of  the  Department  of  Labor  and  Industry, 
Commonwealth  of  Pennsylvania,  and  John  Da- 
Grosa,  State  Athletic  Commissioner. 

FPRS  Council  Meeting 

On  Monday  evening.  May  27,  some  28  officers 
and  delegates  representing  the  Sections  met  with 
the  national  Executive  Board,  for  dinner  at  the  Ben 
Franklin.  Discussed  were,  the  Section  boundaries, 
rebate  of  Section  operating  funds,  membership 
activity,  proposed  new  Constitution,  and  Bylaws, 
and  the  Society’s  publications  program. 

Industry  Films 

A  varied  program  of  some  24  different  forest 
products  films  was  scheduled  in  the  Lecture  Room, 
Commercial  Hall.  Films  were  presented  daily,  from 
9:00  a.m.  to  noon,  and  1:00  p.m.  to  closing.  Sub¬ 
jects  included,  furniture,  housing,  logging,  lumber, 
millwork,  paper,  plywood,  research,  and  wood¬ 
working. 

Executive  Board  Meetings 

The  executive  boards,  both  old  and  new,  met  at 
four  adjourned  sessions,  Monday,  Wednesday, 
Thursday  and  Friday  at  the  Ben  Franklin  hotel. 

Presentation  of  Papers 

In  his  paper,  each  author  was  asked  to  condense 
his  remarks  to  a  ten-minute  summary.  This  was 
then  followed  by  discussion  from  the  floor.  Thus 
the  complete  papers  are  reproduced,  along  with 
discussion  and  authors’  comments,  in  the  fifth 
Annual  Proceedings  of  the  Society. 


1951  Meeting  and  Show  committees  for  their  efforts 
in  behalf  of  the  Society. 

J.  Alfred  Hall,  Director  of  the  U.  S.  Forest 
Products  Laboratory,  Madison,  Wisconsin,  served 
as  toastmaster.  Governor  John  F.  Fine,  who  was 
unable  to  be  present,  sent  his  greetings  through 
Daniel  M.  Miller,  Deputy  Secretary  of  Forests  and 
Waters,  commonwealth  of  Pennsylvania. 

Blake  O’Connor,  professional  staff  member  of 
U.  S.  Senate  Select  Committee  on  Small  Business, 
presented  the  luncheon  address,  "Problems  of  Small 
Business  in  the  Mobilization  Program.’’  O’Connor 
defined  small  business  as  plants  employing  500  or 
fewer  employes.  These  comprise  95%  of  total 
U.  S.  plants,  and  produce  33%%  of  all  goods. 
He  offered  the  assistance  of  his  office  to  persons 
unfamiliar  with  the  government  procedures  in 
placing  business.  In  describing  the  immense  pro¬ 
gram  of  prime  and  sub-contracts,  he  stressed  the 
place  of  more  than  5,000  widely  scattered  U.  S. 

""  the  initial  contact  of  small 


Erocurement  offices  in 
usiness. 

Field  Trips 

Tours  of  inspection  through  several  types  of 
wood  industry  plants  were  conducted  on  Tuesday 
and  Thursday.  Trip  No.  1  was  to  the  Lester  Piano 
Co.,  Lester,  Pa.,  to  witness  modern  woodworking 
machinery  and  precision  techniques  in  a  75-year-old 
fine  piano  manufacturing  business. 

Trip  2  was  to  the  Ruberoid  Company,  Glou¬ 
cester,  New  Jersey,  manufacturers  of  dry  and  satu¬ 
rated  felts  for  roofing  and  flooring.  Large  quanti¬ 
ties  of  pine  and  hardwoods  are  de-fiberized  and 
refined  in  the  process.  Trip  3  was  a  visit  to  the 
100-year-old  Henry  Disston  &  Sons,  Co.,  in  Phila¬ 
delphia.  The  plant  occupies  84  buildings  covering 
70  acres,  including  steel  and  rolling  mills,  tool 
works  and  woodworking  shops.  A  trip  to  Eppinger 
and  Russel,  wood-treating  plant,  was  cancelled  out. 


TECHNICAL  SESSION  I— Monday,  May  7,  1951,  2:00  P.  M. 

General  Subjea:  Logging  and  Primary  Processing 

Co-Sponsor:  The  Society  of  American  Foresters 
Chairman:  Fred  Dickinson — Recorder:  Earl  Stivers 


Truck  Transportation  of  Logs  in  Southeast  Arkansas 

Don  Tufts,  Assistant  Logging  Engineer,  Crossett  Lumber  Company,  Crossett,  Arkansas,  and 
Bruce  Mety,  Chief  Forester,  Southern  Lumber  Company,  Warren,  Arkansas 


The  current  methods  of  log  transportation  in  Southeast  Arkansas  are  described  along  with  a  discussion  of  the  eco¬ 
nomics  involved  in  truck  logging.  The  costs  of  two  and  three  ton  trucks  are  compared  with  those  of  a  six  ton  truck 
with  emphasis  on  volumes  haulM,  distance,  and  class  of  road.  Cost  and  performance  figures  in  this  report  ate  based 
on  the  experience  of  local  operators. 


Present  Logging  Methods 

At  the  present  time,  logs  are  being  hauled  by 
-TXwagons,  small  trucks,  big  trucks,  railroads,  and 
several  combinations  of  these  methods.  Animal  and 
tractor  drawn  wagons  are  used  for  short  distances 
where  there  is  a  small  volume  of  timber  to  be 
moved.  Usually,  they  are  used  during  wet  periods 
to  move  logs  from  the  woods  to  roadside  areas. 
These  roadside  areas  act  as  a  storage  place  for  logs, 
and  eventually  the  logs  are  loaded  on  trucks  and 
hauled  to  the  mills  as  needed. 

Most  of  the  logging  railroads  have  disappeared, 
and  those  that  are  left  have  been  inherited  from  the 
early  days  when  the  virgin  forests  were  cut.  The 
present  method  of  selection  cutting  and  the  small 
size  logs  will  not  support  railroad  operations,  and  so 
they  have  given  way  to  the  greater  flexibility  of  im¬ 
proved  trucks.  Some  companies  still  run  railroad 
trains  on  track  maintained  by  common  carrier  rail¬ 
roads,  but  keep  up  very  little  track  of  their  own. 

There  are  many  sawmills  in  the  area — varying  in 
size  from  the  portable  mill  which  only  cuts  5,000 
board  feet  per  day  to  the  large  permanent  mills  that 
have  a  daily  production  in  excess  of  150,000  board 
feet.  Some  of  the  mills  do  their  own  logging  while 
others  split  up  their  logging  among  several  con¬ 
tractors. 

Most  of  the  logging  contractors  are  small  oper¬ 
ators.  They  work  on  yearly  budgets  of  two  to  six 
million  board  feet,  and  these  low  quotas  do  not  pro¬ 
vide  enough  work  to  warrant  large  investments  in 
heavy  logging  equipment.  The  two-ton  truck  is  the 
most  common  size  in  the  woods,  although  the  2^- 
and  3-ton  trucks  are  gaining  in  popularity.  These 
trucks  are  usually  loaded  from  20  to  60  percent 
over  the  manufacturers’  recommended  carrying 
capacities,  and  supervision  of  truck  drivers  is  often 
lacking. 

The  combined  effect  of  poor  supervision  and  big 
overloads  makes  a  high  repair  cost  and  short  life  for 
the  small  trucks. 

The  trucks  are  used  on  a  variety  of  roads  ranging 
f rom  pavement  to  woods  trails.  A  high  motor  speed 
is  maintained  most  of  the  time  even  on  good  roads. 


and  it  is  the  exceptional  engine  that  isn’t  replaced 
within  30,000  miles.  One  to  two  years  is  the  normal 
life  of  small  log  trucks. 

Ordinarily,  the  hauling  distances  vary  from  one  to 
seventy  miles.  For  the  big  mills,  when  the  hauling 
distance  is  over  20  miles,  the  small  trucks  usually 
unload  at  a  convenient  railroad  yard.  Railroad  trains 
carry  the  logs  the  remaining  distance  to  the  mill, 
but  this  necessitates  another  handling  of  the  logs. 
Small  mills  do  not  use  railroads. 

The  method  of  loading  logs  also  limits  the  size 
of  truck  that  can  be  used.  Developments  of  bigger 
trucks  precludes  development  of  faster  loadit^ 
equipment.  'The  standard  loader  at  present  is  a  stiff- 
boom  or  A-frame.  This  type  loader  is  sufficient  for 
small  trucks  and  low  volumes  of  production,  but  it 
is  too  slow  and  laborious  for  large  trucks.  Large 
trucks  have  a  high  fixed  cost  which  goes  on  whether 
the  trucks  are  moving  or  not.  A  long  loading  period 
would  add  excessive  standby  costs,  but  the  fast  load¬ 
ing  swing-boom  type  of  loader  is  more  expensive 
on  a  small  production  quota. 

On  "hot  logging’’  operations  where  the  logs  are 
moved  from  the  stump  to  the  mill  with  only  a  short 
stop  for  handling  at  the  loading  area,  the  skidding 
must  keep  up  with  the  loading  and  hauling  opera¬ 
tions.  Delays  caused  by  lack  of  logs  become  more 
costly  as  larger  trucks  are  used.  In  other  words,  large 
expensive  equipment  precludes  good  organization 
and  coordination  throughout  all  phases  of  the  log¬ 
ging  operation. 

Cost  Analysis 

The  big  sawmills  in  this  area  are  cutting  18  mil¬ 
lion  or  more  board  feet  of  timber  each  year.  This  is 
sufficient  volume  to  run  two  or  more  swing-boom 
loaders,  and  thereby  realize  a  fast  loading  operation. 
The  average  round  trip  hauling  distance  is  50 
miles — with  25  miles  being  pavement,  20  miles 
gravel,  and  5  miles  dirt.  Allowing  15  minutes  per 
trip  for  lost  time,  the  six-ton  truck  can  make  four 
trips  per  10-hour  day,  the  three-ton  truck  1^  trips, 
and  the  two-ton  truck  3  trips.  The  three-ton  truck 
should  work  a  nine-hour  day  for  greatest  efficiency. 
The  cost  per  thousand  board  feet  for  the  six-ton 
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truck  would  be  $4.58,  for  the  three-ton  truck,  $6.02, 
and  for  the  two-ton  truck  $6.30.  This  estimate  is 
for  a  smooth  operation  with  maximum  highway 
loads.  Where  the  trucks  are  being  constantly  weighed 
by  the  highway  departments,  it  is  best  to  figure  on 
94  percent  of  the  maximum  payload  so  that  the 
variation  in  the  weight  of  the  wood  will  not  cause 
an  overload.  Also,  20  percent  of  the  calculated  cost 
is  added  to  the  estimate  to  allow  for  breakdowns  and 
unusual  delays. 

The  total  hauling  costs  per  thousand  board  feet 
for  90  percent  capacity  loads  and  20  percent  added 
breakdown  costs  are: 


Six-ton  truck _ $5.85 

Three-ton  truck _ $7.68 

Two-ton  truck _ $8.05 


The  logging  contractors  haul  an  average  of  four 
million  board  feet  per  year.  The  average  distance  of 
haul  is  about  30  miles  with  10  miles  of  blacktop, 
15  of  gravel,  and  5  of  dirt.  The  six-ton  truck  can 
haul  five  trips  per  10-hour  day  at  $3.32  per  thou¬ 
sand  board  feet,  while  the  three-ton  truck  would 
work  most  economically  on  a  nine-hour  day  making 
four  trips  at  a  cost  of  $4.15  per  thousand  board 
feet.  The  two-ton  truck  cost  is  $4.19  per  thousand 
board  feet,  based  on  four  trips  per  ten-hour  day. 
Again,  the  payload  or  cost  should  be  divided  by 
0.94  to  insure  staying  within  legal  weight  limits, 
and  20  percent  added  for  breakdown  and  extra  de¬ 
lay  costs.  (All  estimates  are  based  on  comparative 
data  found  in  Table  1  and  costs  as  shown  in  the 
machine  rates  at  the  end  of  this  report.) 


Most  of  the  big  sawmills  build  and  maintain 
roads  to  extend  and  fit  into  the  state  and  county 
road  network.  On  their  own  roads  there  are  no 
weight  restrictions,  and  the  trucks  may  carry  capacity 
loads.  The  land  is  relatively  flat  in  this  region,  and 
hauling  conditions  are  not  severe  except  on  muddy 
roads.  A  25  percent  load  over  the  manufacturers’ 
recommended  limit  is  considered  economical  on  log¬ 
ging  operations.  This  extra  loading  tends  to  in¬ 
crease  the  repair  and  maintenance  cost  and  decrease 
the  speed,  but  the  extra  cost  is  more  than  offset  in 
the  extra  payload.  At  the  present  time,  short  radius 
curves  and  poor  bridge  approaches  limit  the  speed 
of  travel  on  gravel  and  dirt  roads  more  than  the 
size  of  the  payload.  Even  with  the  extra  load,  the 
trucks  will  make  approximately-  the  same  number  of 
trips  per  day. 

Other  savings  of  private  roads  over  state  roads 
are  license  fees  and  highway  fuel  tax.  (In  this  anal¬ 
ysis  no  fuel  tax  is  computed  for  dirt  roads  and  half 
the  gravel  roads  are  considered  tax  free.) 

Reworking  the  first  problem  for  privately  owned 
roads  where  45  miles  are  gravel  and  5  miles  dirt, 
we  have  the  following  costs  per  thousand  board  feet. 


Six-ton  truck _ $4.26 

Three-ton  truck _ $6.80 

Two-ton  truck _ $8.64 


The  six-ton  truck  has  been  figured  for  a  10-hour 
day  and  three  trips;  the  three-ton  truck  an  11-hour 
day  and  three  trips;  and  the  two-ton  truck  an  eight- 
hour  day  and  two  trips.  The  lower  hauling  costs  on 
private  roads  are  mainly  due  to  the  greater  payload. 


Table  1. — Performance  Data  for  Trucks  With  Semi-Trailers 


Maximum  gross  combination  weight  recommended  by  manufacturers— pounds. 

Empty  truck  and  trailer  weight — pounds _ _ _ _ 

Weight  left  for  payload,  pounds _ 

Allowable  payload  on  state  roads,  pounds _ 

Board  feet  of  logs  per  load  on  state  roads  (up  to  25  percent  overload)  * _ 

Board  feet  of  logs  per  load  off  state  roads  (25  percent  overload) _ 

Average  round  trip  speed  in  mph. — pavement . . . . . 

Average  round  trip  speed  in  mph. — gravel _ _ _ 

Average  round  trip  speed  in  mph. — dirt . 

Loading  time  in  minutes  for  legal  state  load _ 

Loading  time  in  minutes  for  maximum  load _ 


Two- ton 

Three-ton 

Six-ton 

28,000 

39,000 

85,000 

7,700 

10,200 

27,000 

21,300 

28,800 

58,000 

31,000 

29,400 

46,000 

1,820 

2,000 

3,150 

1,820 

2,460 

4,960 

27 

36 

42 

17 

20 

24 

12 

15 

16 

30 

35 

30 

30 

40 

50 

‘The  board  feet  of  logs  per  load  is  based  on  an  average  weight  of  14,600  pounds  per  thousand  board  feet  of  logs. 


The  total  hauling  costs  per  thousand  board  feet 
for  contractors  carrying  94  percent  capacity  loads 
with  an  added  20  percent  breakdown  cost  are: 


Six-ton  truck _ ! _ $4.24 

Three-ton  truck _ $5.29 

Two-ton  truck _ 5.34 


From  this  analysis,  it  would  appear  that  the  small 
contractor  should  also  invest  in  large  trucks.  How¬ 
ever,  the  insecurity  of  the  contractor’s  position  does 
not  warrant  large  investments,  and  the  increase  in 
loading  cost  per  thousand  board  feet  for  big  trucks 
would  offset  the  savings  gained  in  hauling. 

Without  the  extra  work  for  the  loading  crew,  the 
contractor  needs  a  minimum  work  budget  of  eight 
million  board  feet  of  timber  per  year  to  invest  in 
big  equipment. 


A  20  percent  extra  cost  allowance  has  been  added 
for  breakdowns  and  unforeseen  delays. 

For  small  trucks  it  is  not  profitable  to  build  pri¬ 
vate  roads  where  state  and  county  highways  already 
exist,  and  for  big  trucks  it  is  only  profitable  when 
large  volumes  are  going  to  be  hauled.  The  hauling 
cost  per  round  trip  mile  for  big  trucks  on  company 
gravel  roads  is  $0,130  per  thousand  board  feet,  and 
on  state  paved  highways  $0,155  per  thousand  board 
feet.  It  would  take  al^ut  40  million  board  feet  of 
sawlogs  and  108  thousand  cords  of  pulpwood  to 
write  off  the  initial  investment  on  a  $2,000.00  per 
mile  gravel  road.  The  speed  on  gravel  roads  at  pres¬ 
ent  is  low,  but  if  reasonable  care  is  given  to  build- 
ing  good  bridges  and  long  radius  curves  the  saving 
per  thousand  board  feet  mile  would  be  greater  and 
road  construction  more  justifiable.  Road  construe- 
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Table  2. — Machine  Rate  for  Two-Ton  Truck 


(Gasoline  engine — single  axle) 


Fixed  Costs  per  Hour 

Truck  investment _ 

Trailer  investment  (single  axle) _ 

Total _ _ _ _ _ _ _ 

Less;  10  tires  @  $110.00.... _ _ _ _ _ 

Amount  to  be  depreciated _ 

License,  insurance  and  taxes _ 

Lubrication,  inspection,  adjustment,  washing  and  garage  expense. 

Driver’s  wages  (50  hrs.  per  week  @  $0.86) _ _ 

10  percent  of  wages  for  Social  Security,  Etc _ 

Total  Fixed  Coot _ _ _ _ _ _ _ 


Operating  Costs  per  Mile 

Repairs,  tires,  oil  and  maintenance. 
Fuel . 


Pavement 

$0,060 

0.034 


Gravel 

$0,075 

0.043 


:Tdtal  operating  cost. 


Table  3. — Machine  Rate  for  Three-Ton  Truck 


(Gasoline  engine — single  axle) 


Fixed  Costs  per  Hour 

Truck  investment _ 

Trailer  investment  (single  axle) _ 

Total . . . . 

Less:  10  tires  @  $130 . . 

Amount  to  be  depreciated _ 

License,  insurance,  and  taxes _ 

Lubrication,  inspection,  adjustment,  washing  and  garage  expense. 

Driver’s  wages  (50  hrs.  per  week  @  $0.85) _ 

^  10  percent  of  wages  for  Social  Sectirity,  etc.; _ 

!  Total  fixed  cost _ 


Operating  Cost  per  Mile 

Repairs,  tires,  oil  and  maintenance. 
Fuel. . 


Pavement 

$0,060 

0.050 


Gravel 

$0,075 

0.065 


Total  operating  cost. 


Table  4. — 'Machine  Rate  for  Six-Ton  Truck 


(Diesel  engine — tandem  axle) 


Fixed  Costs  per  Hour 

Truck  investment _ 

Trailer  investment  (tandem  axle) 


Total . 

Less:  18  tires  @  $160. 


Amount  to  be  depreciated _ 

License,  insurance  and  taxes _ _ 

Lubrication,  inspection,  adjustment,  washing  and  garage  expense. 

Driver’s  wages  (50  hrs.  per  week  @  $1.10) _ 

10  percent  of  wages  for  Social  Security,  etc - 


Total  fixed  cost. 


Operating  Costs  per  Mile 

Repairs,  tires,  oil  and  maintenance. 
Fuel . 

Total  operating  cost _ _ 


Gravel 

$0,105 

0.035 


Pavement 

$0,080 

0.030 


tion  which  shortens  the  hauling  distance  or  connects 
existing  private  roads  is  very  desirable  and  eco¬ 
nomical.  On  sustained  yield  operations,  part  of  the 
road  expense  can  be  written  off  on  forestry  opera¬ 
tions,  particularly  fire  protection. 

The  longer  the  hauling  distance  the  greater  the 
difference  in  cost  between  the  large  and  small  trucks. 
If  the  trucks  and  loading  equipment  are  kept  in 
fairly  constant  use  throughout  the  working  day,  the 


big  trucks  will  haul  saw  timber  as  cheaply  as  the 
small  trucks  on  the  shortest  hauls.  The  loading  cost 
per  thousand  board  feet  for  stiff-boom  loaders  with 
small  trucks  is  about  the  same  as  the  cost  for  swing- 
boom  loaders  with  big  trucks;  also  the  truck  standby 
cost  per  thousand  board  feet  is  approximately  the 
same.  Therefore,  where  the  volume  of  saw  timber  is 
large,  it  is  more  economical  to  use  large  trucks  on 
all  distance  hauls. 
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Discussion 

Harold  E.  Holman  (National  Production 
Authority) ;  Have  you  made  any  studies  of  the 
economies  of  sprinkling  roads? 

Mr.  Tufts:  No,  we  haven’t.  The  dust  hazard  on 
dirt  and  gravel  roads  is  very  bad  during  dry  sea¬ 
sons,  and  although  it  has  been  the  cause  of  only  a 
few  accidents,  it  does  slow  down  the  hauling  oper¬ 
ation.  Sprinkling  the  roads  might  be  worthwhile. 

/.  A.  Hall  (Director,  Forest  Products  Labora¬ 
tory)  :  Why  are  the  trips  per  day  fewer  for  the 
small  trucks  ? 

Mr.  Tufts:  The  time  studies  showed  a  slower 
speed  for  small  trucks  as  compared  to  large  trucks 
on  the  same  road  class.  The  small  trucks  are  usually 
under-powered  for  the  loads  they  carry. 

Charles  R.  Lockard  (N.  E.  Forest  Experiment 
Station) :  Is  there  any  difference  between  fuel  costs 
running  over  dirt  and  paved  roads  ? 

Mr.  Tufts:  No.  Although  the  fuel  consumption 
is  less  per  mile  on  paved  roads  than  on  dirt  roads, 
the  State  Fuel  tax  adds  enough  to  the  fuel  cost  on 
paved  roads  so  that  the  fuel  cost  for  both  road 
classes  is  the  same. 

Mr.  X:  Why  are  the  fuel  costs  less  for  dirt  roads 
than  gravel  roads? 

Mr.  Tufts:  Approximately  the  same  fuel  mileage 
is  realized  on  dirt  roads  as  on  gravel  roads.  But 
about  half  the  gravel  roads  in  the  area  are  state 
highways  for  which  a  fuel  tax  must  be  paid. 

C.  R.  Silver  sides  (Abitibi  Power  &  Paper  Com¬ 
pany)  :  (a)  What  is  the  length  of  hauling  season 
in  days  per  year,  (b)  how  much  is  hauled,  and 
(c)  do  costs  given  in  paper  for  hauling  on  State 
versus  private  roads  include  road  construction  costs? 

Mr.  Tufts:  (a)  All  year  round — 240  to  255  days 
per  year,  (b)  3,500  board  feet  per  load  Doyle  scale 
— 4  trips  per  day — 14,000  board  feet  per  day,  250 
days — 3,500,000  annually,  (c)  No.  Maintenance 
costs  of  company  roads  are  charged  to  forestry 
operations.  No  company  roads  have  been  built 
where  state  roads  can  be  used  unless  the  savings  in 
hauling  costs  can  pay  for  the  road  construction 
within  10  years. 

Fred  E.  Dickinson  (Yale  University) :  What  is 
the  cost  of  building  roads? 

Mr.  Tufts:  Road  construction  costs  vary  a  great 
deal.  Near  Crossett  where  the  land  is  very  flat  and 
frequent  bridges  have  to  be  built  the  cost  runs  about 
$4,000  per  mile  for  a  22  foot-wide  road.  Farther 
north  Southern  has  built  18  foot-wide  roads  for  as 
little  as  $960  per  mile.  In  both  cases  this  includes 
right-of-way  clearing,  grading,  and  graveling.  Half 
the  cost  at  Crossett  is  in  graveling  because  the 
gravel  has  to  be  hauled  long  distances. 

Mr.  Holman:  Would  a  road  builder  follow 
radius  and  grade  map? 

Mr.  Tufts:  No.  Grade  is  practically  no  problem 
at  all,  and  our  new  roads  are  built  in  straight  lines 


as  much  as  possible.  Much  of  the  road  construction 
follows  old  trails  or  old  county  roads  which  have 
short  radius  curves.  This  is  often  the  only  econom¬ 
ical  way  to  cross  creek  bottom  areas. 

Robert  C.  Fraunberger  (Philco  Corporation) : 
How  did  you  arrive  at  the  depreciation  hours  per 
year  of  5,000,  7,500,  and  10,000  hours,  given  in 
Tables  II,  III,  and  IV? 

Mr.  Tufts:  Based  on  10  hours  per  day  and  250 
days  per  year. 

Mr.  Fraunberger:  Does  that  mean  that  you  write 
off  a  two-ton  truck  in  two  years  ? 

Mr.  Tufts:  Yes,  that  is  the  minimum  allowed  by 
the  government,  but  few  two-ton  trucks  last  that 
long. 

T.  S.  Veazey,  fr.  (Anaconda  Copper  Mining 
Company) :  How  do  you  pay  your  truck  drivers  ? 

Mr.  Tufts:  By  the  hour,  from  $l  to  $1.14. 

Mr.  Fraunberger:  Have  you  tried  "preloading” 
of  trailers  having  several  trailers  to  one  truck 
tractor  ? 

Mr.  Tufts:  Preloading  pole  trailers  is  impractical. 
The  stiffback  trailer  can  be  preloaded,  but  it  puts  a 
heavy  strain  on  the  landing  gear.  The  loading  oper¬ 
ation  loses  its  mobility,  and  a  trailer  can  be  loaded 
in  almost  the  same  time  it  takes  to  spot  an  empty 
trailer  and  hook  up  a  loaded  one. 

Richard  A.  Hale  (R.  H.  Hale  Logging  &  Lum¬ 
ber)  :  Do  you  load  empty  trailers  piggy-back  on  the 
return  trip? 

Mr.  Tufts:  The  Southern  Lumber  Company  has 
pole  trailers  which  they  load  piggy-back  for  the  re¬ 
turn  trip  to  the  woods.  At  Crossett  we  have  a  stiff- 
back  trailer  which  is  too  unhandy  to  load  piggy¬ 
back.  Southern  reports  a  big  saving  in  tire  cost  and 
trailer  maintenance  since  they  have  gone  to  the 
piggy-back  system. 

Howard  H.  Coe  (Stanley  Works) :  What  is 
average  loading  time  per  thousand  board  feet  load¬ 
ing  full  length  logs? 

Mr.  Tufts:  The  Southern  Lumber  Company  aver¬ 
ages  seven  minutes  per  thousand  board  feet  with  a 
heel  boom  loader.  Their  loads  average  about  3,500 
board  feet  so  that  24^2  minutes  is  their  normal 
loading  time.  At  Crossett  we  use  end  tongs,  and 
our  loading  time  is  about  the  same  as  Southern’s. 
With  end  tongs  we  are  loading  the  same  scale  as 
fast  in  short  logs  as  in  long  logs.  However,  we  are 
not  very  experienced  in  handling  long  length  logs 
yet. 

Mr.  X:  Where  did  you  get  the  85,000  pound 
rating  for  a  six-ton  truck? 

Mr.  Tufts:  The  85,000  pound  nominal  gross 
combination  weight  is  the  consensus  of  opinion 
expressed  by  the  manufacturers  of  the  experimental 
log  truck  and  trailer  tested  at  the  Crossett  Lumber 
Company  (Four  Wheel  Drive  Auto  Company  and 
Birmingham  Trailer  Company,  November,  1950). 
Mr.  Mety  also  concurred  in  this  weight  for  his  log 
trucks  at  the  Southern  Lumber  Company. 
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Small  circular  sawmills  produce  the  bulk  of  the  lumber  in  the  Tennessee  Valley  region.  How  the  operators  of  these 
mills  harvest  and  process  the  timber  resource  determines,  to  a  large  extent,  the  future  of  the  region’s  forests  and  wood 
using  iUidustries.  This  paper,  based  on  a  study  of  58  circular  mills,  presents  some  statistics  on  mill  operation  and 
attempts  to  point  out  remedies  for  some  of  the  basic  problems. 


Introduction 

The  Tennessee  Valley  region  is  an  important 
source  of  hardwood  lumber  and  ties.  The  area’s 
14  million  acres  of  timberlands  yield  about  a  billion 
board  feet  annually  and  support  a  $200  million 
forest  products  industry.  Circular  sawmills  are  the 
mainstay  of  this  industry. 

Three  groups  of  mills  are  generally  recognized: 
(1)  band  mills,  (2)  non-commercial  circular,  and 
(3)  commercial  circular  mills. 

The  band  mills  are  well  managed  and  produce 
high  quality  factory  and  yard  lumber.  But  there  are 
only  18  band  mills  in  the  region.  Their  combined 
annual  output,  estimated  at  100,000,000  board  feet, 
represents  only  10  percent  of  the  total  production. 

The  non-commercial  circular  mill  is  a  part-time 
operation;  lumber  production  is  not  the  primary 
interest  of  the  owner.  This  type  of  mill  normally 
produces  less  than  250,000  board  feet  a  year;  its 
principal  product  is  low-grade  material  for  local 
construction.  There  are  about  2,800  such  mills  in 
the  area  and  as  a  group  they  produce  about 
200,000,000  board  feet  annually  (20  percent  of 
total). 

By  far  the  most  important  type  is  the  commercial 
circular  mill.  For  the  owners  of  these  mills  saw¬ 
milling  is  the  principal  business  interest.  There  are 
about  1,200  such  mills  in  the  region — less  than  half 
as  many  as  non-commercial — but  their  annual  out¬ 
put  is  about  700.,000,000  board  feet,  70  percent  of 
the  total.  They  are  the  principal  processors  of  the 
forest  crop  and  very  largely  determine  the  kind  of 
sawn  products  available  for  industry.  They  also  play 
an  important  role  in  supplying  the  country’s  hard¬ 
wood  lumber  needs  during  national  emergencies. 

It  "was  TVA’s  interest  in  forest  resource  develop¬ 
ment  and  lumber  production  for  national  defense 
that  led  to  this  study  of  commercial  circular  saw¬ 
mills.  We  wanted  to  find  out  something  about  their 
operation,  what  kind  of  products  they  turned  out, 
what  kind  of  logs  they  processed. 

'  Planned  and  directed  by  W.  N.  Darwin,  Chief  of 
Forest  Utilization  Section,  Tennessee  Valley  Authority. 
Field  work  by  B.  C.  Cobb,  G.  H.  Fechner,  and  the  author, 
July  1949  to  June  1950. 


The  primary  objective  was  to  collect  factual  data 
that  would  be  helpful  to  the  lumber  industry  jlnd 
to  others  who  are  interested  in  conserving  and  de¬ 
veloping  the  forest  resource.  Recognizing  that  saw¬ 
mill  operators  are  generally  skilled  in  the  mechanics 
of  mill  operation,  we  put  primary  emphasis  on 
information  about  sawmill  management  and  the 
character  of  the  logs  being  sawn. 

The  study  was  planned  and  carried  out  by  TVA^ 
in  cooperation  with  the  Southern  Forest  Experiment 
Station  of  the  U.  S.  Forest  Service.  It  covered  58 
circular  mills  selected  at  random  throughout  the 
region  (a  5  percent  sample  of  the  total  mill  popu¬ 
lation).  Distribution  of  the  sample  mills  is  shown 
in  Fig.  1. 

Information  collected  at  each  study  mill  included 
data  on  equipment,  milling  practices,  log  procure¬ 
ment,  lumber  production,  log  sawing  time,  character 
of  logs,  lumber  grade  recovery,  products,  and  mar¬ 
keting. 

Mill  Operation 

It  is  recognized  that  no  two  circular  mills  are 
alike  in  operating  characteristics.  Nevertheless,  there 
is  a  general  pattern  according  to  mill  size.  So  to 
begin  with  mills  were  grouped  into  three  broad  size 
classes:  (a)  small,  (b)  medium,  and  (c)  large,  on 
the  basis  of  their  equipment  and  over-all  productive 
capacity.  Some  of  the  significant  differences  among 
mills  in  these  three  classes  are  shown  in  Tables  1 
and  2. 

There  is  a  significant  trend  in  the  region  from 
the  portable  operation  to  the  small  stationary  mill. 
In  1946,  70  percent  of  the  circular  mills  were  port¬ 
able;  four  years  later  the  percentage  had  dropped 
to  50  (based  on  sample  mills).  The  reasons  for  this 
shift  are  fairly  evident:  cheaper  rates  are  persuad¬ 
ing  more  and  more  operators  to  use  electric  power; 
a  better  mill  site  can  be  selected;  transportation  and 
marketing  facilities  for  logs,  lumber,  and  mill  by¬ 
products  are  improved;  the  labor  supply  is  more 
stable  (6). 

Local  conditions  may  determine  the  method  of 
operation  for  any  particular  mill;  but  regardless  of 
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capital-labor  ratio.  The  present  ratio  of  capital  in¬ 
vestment  to  labor  cost  in  the  sawmill  business  is 
about  1  to  10.  The  national  average  for  all’ indus¬ 
tries  is  about  3  to  2.  Sawmills  invest  only  $1,000  in 
equipment  for  each  employee,  whereas  the  state¬ 
wide  average  for  all  industries  in  Tennessee  is  about 
$12,000. 


Fig.  1. — Location  of  sample  sawmills. 


these  local  variations,  sawmill  profits  depend  largely 
on  the  managerial  skill  of  the  operator  and  the  kind 
of  logs  and  the  equipment  he  has  to  work  with. 


Mill  Equipment 

Circular  sawmills  have  always  operated  with  the 
least  possible  amount  of  equipment.  Few  other  in¬ 
dustries  processing  rjiw  material  have  such  a  low 


Average 


Mill  Operation 
LOCATION 

Portable . 

Stationary _ 

OWNERSHIP 

Individual _ 

Company . . 

OPERATION  (Accounting) 

Force  account. . 

Contract _ 

SOURCE  OF  LOGS 

Stumpage _ _ 

Log  purchase _ 

Custom  or  contract _ 

PRODUCTS 

Boards _ 

Timbers.. _ _ ... 

Tiss 

SEASONING . 

Sold  green _ 

Air  dried _ 

MARKETS 

Local  use _ _ 

Local  concen.  yards _ 

Intra-state  shipment _ 

Inter-state  shipment _ 

SALES  METHOD 

Retail . . 

Wholesale _ 

LUMBER  SALE 

Mill  run _ 

On  grade _ 


Characteristics  of  Circular  Sawmills  According  to  Mill  Size  Class 

Mill  Class 


Small 

Medium 

Large 

Percent 

77 

46 

33 

23 

54 

67 

Table  1. — Operating 
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Table  2. — Primary  Equipment  of  Orcular  Sawmills  According  to  Mill  Class 


Percent 

Type  of  Power  Unit 

Average 

Percent 

of  mills 

in  Percent 

size  of 

of  mills 

haviiw 

headsaw 

having 

cut-on 

Mill  class 

Gasoline 

Diesel 

Electric 

Steam 

(Inches) 

edgers 

saws 

Portable  and  Stationary  Combined 

SMALL 

Portable _ 

.  63 

38 

0 

0 

Stationary _ 

.  25 

0 

75 

0 

50 

53 

35 

MEDIUM 

Portable _ 

.  50 

50 

0 

0 

Stationary _ 

.  26 

32 

32 

10 

54 

89 

69 

LARGE 

Portable _ _ _ _ 

. .  50 

50 

0 

0 

Stationary _ 

.  0 

50 

25 

25 

58 

100 

100 

AVERAGE— AU 

Portable.. _ _ 

.  55 

45 

0 

0 

Stationary . . 

.  22 

30 

37 

11 

54 

79 

62 

However,  since  World  War  II  there  has  been  an 
encouraging  trend  among  sawmill  operators  toward 
mechanization,  with  larger  investments  in  new  and 
better  equipment  (^).  High  labor  costs  have  been 
the  major  contributing  factor.  Over  80  percent  of 
the  58  sample  mills  had  purchased  new  power  units 
within  the  last  five  years  and  over  50  percent  had 
purchased  new  mills.  The  trend  is  apparently  to¬ 
ward  electric  power.  More  stationary  mills  use  elec¬ 
tric  power  units  than  any  other  type  (Table  2). 

About  25  percent  of  all  commercially  operated 
circular  mills  are  inadequately  equipped  for  the  job 
they  are  trying  to  do.  Some  have  too  little  power; 
others  lack  such  basic  equipment  as  edgers,  dust 
chains,  head  blocks  and  log  handling  facilities; 
others  are  struggling  along  with  worn  out  and  in¬ 
efficient  equipment.  In  addition,  a  majority  of  all 
circular  mills  could  profitably  invest  in  such  equip¬ 
ment  as  slab  conveyors,  spare  headsaws,  and  log 
cleaning  and  handling  equipment.  As  might  be  ex¬ 
pected,  the  majority  of  inadequately  equipped  mills 
are  in  the  small  size  class. 

But  as  important  as  equipment  additions  might 
be,  of  even  greater  importance  is  this  consideration: 
Is  the  operator  getting  maximum  production  out  of 
the  equipment  he  has? 

Lumber  Production 

Headsaw  operating  time  is  the  key  to  mill  pro¬ 
duction.  Although  the  larger  circular  mills  generally 
produce  more  lumber  per  operating  day  than  small 
mills,  the  principal  reason  is  not  because  they  are 
larger  but  because  they  have  less  delay  time.  As 
shown  in  Table  3,  the  mill-hour  production  of 
small  mills  (including  delay  time)  is  only  one-half 
that  of  the  large  mills.  However,  mill-hour  produc¬ 


tion  for  about  30  percent  of  the  small  mills  is 
higher  than  for  some  of  the  large  mills  if  based  on 
actual  sawing  time  only.  Man-hour  production  is 
significantly  greater  for  the  small  mills. 

The  delay  or  "shut-down”  time  for  the  average 
mill  is  2  hours  per  day,  leaving  6  hours  of  actual 
sawing  time  (Taole  4).  This  delay  reduces  poten- 

Table  4. — Primary  Causes  for  Delay-Time  at 
Orcular  Sawmills 

Delay  time 
minutea  per 


Cauae  8-hr.  day 

Filing  and  changing  saw _  40 

Out  of  logs _ 15 

Moving  slabs  and  lumber _  15 

Weather _  12 

Oiling  and  fueling _ _ 10 

Dust  chain  repair _ 10 

Belt  repairs _ 7 

Power  unit  repair _  4 

Other  equipment  repairs _  4 

Miscellaneous _ 1 _  3 

TOTAL .  120  (2  hrs.) 


tial  daily  production  by  2,000  board  feet,  worth 
about  $120.  Each  minute  of  shut-down  time,  there¬ 
fore,  reduces  gross  returns  by  $1.00. 

Of  course  delay  time  cannot  be  entirely  elimi¬ 
nated.  Part  of  the  working  day  must  be  used  for 
equipment  repair  and  maintenance.  However,  the 
average  rnill  operator  can  reduce  lost  time  by  about 
50  percent  through  better  management. 

Saw  filing,  the  largest  single  cause  of  delay  time, 
adds  up  to  40  minutes  per  day  at  the  average  mill. 
It  can  be  materially  reduced  by  having  spare  saws 
and  changing  them  rather  than  stopping  to  file 
them.  When  water  is  available,  the  need  for  filing 
can  be  substantially  reduced  by  washing  dirt  and 
grit  from  the  logs.  Some  of  the  sample  mills  that 
had  spare  saws  and  log  washing  equipment  lost  only 
5  minutes  per  day  changing  saws. 


Table  3. — Lumber  Production  of  Circular  Sawmills  According  to  Mill  Size  Class 


Mill  class 

Small . 

Medium _ 

Large - 

Average... 


Board  feet  per  mill-hour 

Board  feet 

per  man-hour 

Total 

Actual 

ToUl 

Actual 

Average 

operating 

sawing 

operating 

sawing 

size  of 

time* 

time  only  2 

time* 

time  only* 

crew 

553 

811 

125 

183 

4 

751 

1032 

120 

167 

6 

1088 

1264 

113 

133 

10 

728 

991 

121 

168 

6 

■Includes  delay  time. 
^Headsaw  operating  time  only. 
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Running  out  of  logs,  a/iother  principal  cause  of 
delay  time,  can  be  virtually  eliminated  by  good  mill 
management.  Forty  percent  of  the  study  mills  lost 
no  sawing  time  due  to  lack  of  logs.  The  remaining 
60  percent  had  inadequate  facilities  or  manpower 
for  handling  and  storing  logs. 

Labor  saving  equipment  to  move  slabs  and 
lumber — roll-ways,  skids,  and  conveyors — would  be 
a  profitable  addition  at  many  mills.  Worn  out  belts 
and  dust  chains  are  a  frequent  cause  of  shutdowns. 
Although  heavy  rains  usually  close  down  all  types 
of  mills,  many  are  able  to  work  through  light,  inter¬ 
mittent  showers  by  providing  at  least  a  temporary 
wooden  shelter  to  protect  belts  and  crews.  One  third 
of  the  mills  lack  equipment  shelters  of  any  kind. 

Adequate  facilities  and  good  equipment  mainte¬ 
nance  are  sound  investments.  Each  additional  minute 
of  sawing  time  means  another  dollar  in  gross  return 
without  any  additional  labor  cost. 

In  addition  to  increasing  daily  output,  mills  can 
increase  annual  production  by  working  more  days. 
The  average  circular  mill  operates  only  120  days 
per  year.  This  is  but  60  percent  of  capacity,  assum¬ 
ing  a  total  of  240  working  days  per  year  with  two 
months  (40  days)  off  for  bad  weather  and  major 
repairs.  A  standard  of  200  working  days  a  year  is 
a  reasonable  goal  for  circular  mills.  Only  about  20 
percent  of  the  mills  reach  it. 

Production  Costs 

More  operating  time  not  only  increases  mill  out¬ 
put;  it  also  reduces  the  cost  of  production.  A  de¬ 
tailed  cost  analysis  was  not  possible  for  each  sample 
mill;  however,  enough  information  was  collected  to 
permit  a  reliable  estimate  of  production  costs  for 
the  average  circular  mill. 

The  four  major  cost  items — capital,  labor,  mate¬ 
rials,  and  overhead — were  allocated  to  the  various 
sizes  and  species  of  logs  on  the  basis  of  sawing 
time.  Capital  costs  were  based  on  the  total  invest¬ 
ment  in  equipment  depreciated  in  10  years,  with  a 
10  percent  salvage  value  and  an  interest  rate  of  6 
percent.  Labor  costs  assumed  a  crew  of  six  men  with 
an  average  hourly  wage  rate  of  $1.045.  This  rate 
was  computed  by  using  $1.50  for  sawyer,  $0.85  for 
edgerman  and  one  other  skilled  worker,  and  $0.75 
for  three  mill  hands.  Material  costs  (excluding  logs) 
were  based  on  estimated  costs  per  M.b.m.  as  fol¬ 
lows:  fuel,  grease,  and  oil  $0.25;  small  tools  and 
operating  supplies  $0.10;  repair  parts  $0.35.  Over¬ 


head  costs  represent  a  combined  total  of  salary  for 
management,  office  and  business  expenses,  taxes  and 
insurance,  lumber  transportation  and  marketing 
costs,  and  such  miscellaneous  costs  as  bad  debts, 
legal  expenses,  and  moving  the  mill.  Management 
salary  was  computed  at  $100  per  week,  taxes  and 
insurance  at  11/2  percent  on  one- half  the  capital  in¬ 
vestment,  lumber  transportation  at  $5.00  M.b.m., 
and  other  expense  at  20  percent  of  capital. 

Table  5  shows  estimated  production  costs  for  the 
dense  hardwoods.  Production  costs  for  pine  and  soft 

Table  5. — Estimated  Costs  of  Producing  Dense 
Hardwood  Lumber  at  Circular  Mills 

Production  costs  per  M.b.m. 

Log  DIB  - - 


(Inches) 

Capital 

Labor 

Materials^ 

Overhead 

Total 

6 

$  4.48 

$37.46 

$  2.43 

$27.68 

$72.05 

6 

3.23 

26.98 

1.75 

21.34 

63.30 

7 

2.48 

20.74 

1.35 

17.56 

42.13 

8 

2.08 

17.40 

1.13 

15.64 

36.16 

9 

1.74 

14.53 

.94 

13.80 

31.01 

10 

1.54 

12.90 

.84 

12.81 

28.09 

11 

1.40 

11.74 

.76 

12.11 

26.01 

12 

1.29 

10.77 

.70 

11.52 

24.28 

13 

1.18 

9.85 

.64 

10.97 

22.64 

14 

1.12 

9.37 

.61 

10.67 

21.77 

16 

1.07 

8.99 

.58 

10.44 

21.08 

16 

.86 

7.19 

.47 

9.36 

17.88 

17 

.84 

7.02 

.46 

9.25 

17.57 

18 

.83 

6.98 

.46 

9.23 

17.49 

19 

.85 

7.12 

.46 

9.31 

17.74 

20 

.92 

7.73 

.50 

9.68 

18.83 

■Excluding  cost  of 

logs. 

hardwoods  are  approximately  10  percent  less  per 
M.b.m.  because  of  sawing-time  differential.  The 
pronounced  effect  of  log  diameter  is' shown  in  the 
table.  For  example,  increasing  the  diameter  from  8 
to  10  inches,  reduces  production  costs  by  more  than 
eight  dollars  per  M.b.m.  Costs  range  from  $72  for 
5 -inch  logs  to  $18  for  20- inch;  the  average  (12 
inches  DIB)  is  about  $24. 

Log  Values 

In  addition  to  knowing  production  costs,  the  saw¬ 
mill  operator  must  also  know  the  value  of  his  logs. 
How  much  are  logs  worth  on  the  basis  of  lumber 
grade  yield  and  the  cost  of  producing  that  lumber? 

During  the  mill  study  9,342  logs  were  classified 
and  the  resulting  540,770  board  feet  of  lumber  was 
graded  by  NHLA  and  SPIB  standards.  Values  for 
the  various  species  and  sizes  of  logs  were  deter¬ 
mined  by  subtracting  production  costs  (Table  5) 
and  a  fixed  profit  and  risk  margin  from  the  market 
value  of  the  graded  lumber.  Average  lumber  grade 


Table  7. — Lumber  Prices  Used  for  Calculating  Log  and  Lumber  Values' 

Price  per  M.b.m. 


Plain  red  oak 


Yellow  poplar 


Yellow  pine 


FAS . $110.00 

Select _ 104.60 

No.  1  Com .  77.00 

No.  2  Com -  66.00 

Sound — wormy _  66.00 

No.  3A .  38.60 

No.  3B .  27.60 


FAS . $120.00 

Select . 114.00 

Saps .  108.00 

No.  1  Com .  84.00 

No.  2A- .  60.00 

No.  2B .  42.00 

No.  3 .  30.00 


B  and  Better _ $  90.00 

C .  86.60 

No.  1... .  63.00 

No.  2 .  46.00 

No.  3 .  86.00 

No.  4 .  22.60 


■Average  selling  price  of  4/4  lumber,  rough-green,  delivered  in  Knoxville,  Tennessee,  based  on  quotations  from  three  leading  manufacturers, 
February  1961. 


Table  6. — Average  Lumber  Grade  Recovery  From  Qrcular-Sawn  Logs  in  the  Tennessee  Valley  Region 
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Fig.  2. — Lumber  values  for  three  principal  species  in 
the  Tennessee  Valley,  based  on  February  1951  lumber 
prices  and  grade  recovery  by  log  size. 


recovery  for  the  major  species  is  shown  in  Table  6. 
Lumber  values  were  computed  on  the  basis  of  grade 
recovery  according  to  log  sizes  and  the  prices  shown 
in  Table  7.  Fig.  2  illustrates  these  values  for  three 
principal  species. 

Log  values  were  derived  by  deducting  log  pro¬ 
duction  costs  (Table  5)  from  lumber  values.  Log 
values  for  northern  red  oak,  one  of  the  principal 
species,  are  shown  in  Fig.  3. 

Log  Grades 

The  lumber  grade  recovery  from  a  large  group 
of  logs  provides  a  reliable  over-all  picture  of  the 
region’s  sawlogs.  However,  the  individual  sawmill 
operator  should  be  able  to  predict  what  kind  of 
lumber  he  can  expect  from  any  given  lot  of  logs. 
Only  in  this  way  can  he  determine  a  price  that  is 
fair  to  the  timber  grower  and  at  the  same  time  will 
insure  a  reasonable  profit.  As  Lockard  (1)  points 
out,  grading  sawlogs  is  a  means  to  this  end. 

Any  experienced  sawyer  can  judge  the  value  of  a 
log  on  the  carriage.  The  important  thing  is  to  train 
loggers  and  log  buyers  to  recognize  the  value  of 
logs  before  they  reach  the  log  deck.  A  practical  log 
grading  system  is  one  way  to  keep  marginal  and 
unprofitable  logs  away  from  the  mill. 

Over  9,000  logs  were  graded  during  the  study 
by  methods  developed  by  the  U.  S.  Forest  Products 
Laboratory  (7)  and  the  Southeastern  Forest  Experi¬ 
ment  Station  (3).  Log  defects  were  classified  accord¬ 
ing  to  USDA  Handbook  No.  4  (2),  In  general,  the 
hardwood  log  grades  classify  logs  according  to  the 
expected  yield  of  No.  1  Common  and  Better 
lumber.  Log  grades  1,  2,  and  3  represent  standard 
factory-lumber  logs.  Grade  4  logs  are  too  defective 
for  factory  lumber,  but  still  not  cull.  Grade  5  logs 
are  culls  containing  less  than  50  percent  sound  mate- 
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LUMBER  VALUE  PER  MBM 
NORTHERN  RED  OAK ^ 


LOG  VALUES  PER  MBM  AT  MILL' 


LUMBER  PRODUCTION  COSTS  PER  MBM 


LOG  DIAMETER  (INCHES) 

Fig.  3. — Value  of  Northern  red  oak  logs  delivered  to 
circular  mills,  based  on  lumber  production  costs  and  value 
of  lumber  (February  1951)  produced  from  the  various 
sizes  of  logs.  Profit  margin  is  assumed  to  be  20  percent  of 
lumber  value.  Sharp  drop  in  production  cost  from  15-  to 
16-inch  logs  is  due  to  increase  of  average  log  lengths. 


rial.  Grade  6  are  below  sawlog  size,  less  than  8 
inches  in  diameter  and  8  feet  in  length.  Tables  8 
and  9  show  the  lumber  yield  and  distribution  of 
logs  according  to  grade. 

Even  after  logs  have  been  graded,  considerable 

and  cut- 


skill  on  the  part  ot  the  sawyer,  edgerman, 
off  saw  operator  is  required  to  turn  out  all  of  the 
high-quality  boards  that  a  particular  log  is  capable 
of  yielding.  The  importance  of  grade  sawing  was 
pointed  out  by  the  assistant  chief  inspector  of  the 
NHLA,  L.  C.  Nicely  (4),  who  assisted  with  the 
study. 

Circular  mills  can  manufacture  lumber  that  is 
equally  as  good  as  band-sawn  lumber  insofar  as 
dimensional  accuracy  is  concerned.  Of  the  half- 
million  board  feet  graded  during  the  study,  less 
than  2  percent  failed  to  meet  NHLA  and  SPIB 
standards  for  thickness  and  width.  Thickness  varia¬ 
tion  within  these  grading  standards  was  not  studied. 
However,  circular  mills  often  fail  to  get  the  max¬ 
imum  yield  of  quality  boards.  Grade  1  logs  will 
yield  a  good  percentage  of  No.  1  Common  and 
Better  lumber  by  almost  any  method  of  sawing.  The 
real  opportunity  for  profit  is  in  getting  the  max¬ 
imum  number  of  FAS  and  Select  boards.  The  study 
indicated  that  a  majority  of  circular  mills  could  fre¬ 
quently  up-grade  No.  1  Common  boards  by  better 
edging  or  end  trimming  without  appreciably  reduc¬ 
ing  footage  yield. 


*Lies8  than  0 . 6  percent. 
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Table  9. — Distribution  of  Circular-Sawn  Logs  According  to  Log  Grade  (In  Percent) 


GRADE  1 

GRADE  2 

Specie* 

Logs 

Vol. 

Logs 

Vol. 

Ash.. _ 

.  26 

46 

33 

32 

.  24 

40 

43 

42 

Beech _ _ _ _ _ _ _ 

.  3 

10 

30 

40 

20 

35 

28 

28 

.  10 

20 

25 

34 

.  8 

4 

23 

33 

Hickory _ _ _ _ _ 

.  3 

6 

20 

24 

.  11 

23 

32 

39 

.  9 

21 

24 

38 

.  8 

22 

18 

25 

_  6 

14 

22 

35 

_  0 

0 

8 

12 

.  25 

55 

24 

22 

.  6 

14 

26 

35 

0*k,  scarlet . 

.  2 

5 

13 

22 

Oak,  white _ 

.  4 

14 

15 

24 

Pine,  loblolly _ 

.  6 

17 

17 

32 

Pine,  shortleaf _ _ _ 

.  8 

21 

16 

23 

Pine,  Virginia... _ 

.  1 

1 

7 

15 

Walnut,  black _ _ _ 

.  6 

13 

26 

40 

Yellowpoplar _ _ 

.  9 

22 

25 

32 

*Le8S  than  0.5  percent. 


Summary 

In  the  Tennessee  Valley  region,  circular  sawmills 
are  a  vital  part  of  the  forest  industry.  These  small 
mills  are  potentially  capable  of  processing  all  of  the 
timber  the  resource  can  supply  and  of  manufactur¬ 
ing  it  to  meet  the  requirements  of  industry.  The 
data  indicate  that  dimensional  quality  of  lumber  is 
not  the  major  problem  of  the  operator. 

Circular  mills,  as  a  group,  need  more  managerial 
.skills  and  more  working  capital.  Operators  need  to 
know  more  about  log  quality  and  forest  manage¬ 
ment.  Better  standards  are  needed  to  control  quality 
of  production.  Capital  is  needed  for  grading,  sea¬ 
soning,  and  marketing  lumber  and  for  adequately 
equipping  the  mills. 
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Discussion 

Orvel  A.  Schmidt  (Pennsylvania  State  College) : 
What  is  the  average  production  of  the  small  mills? 

Mr.  Lane:  The  average  is  about  6,000  board  feet 
per  day. 

Mr.  Schmidt:  Are  the  mills  of  temporary  or  per¬ 
manent  nature? 

Mr.  Lane:  Approximately  50  percent  are  port¬ 
able  and  50  percent  are  stationary. 

Mr.  Schmidt:  Does  your  figure  include  the  lost 
time  in  the  woods? 

Mr.  Lane:  No,  our  figures  on  lost  time  are  for 
working  time  at  the  mill. 

Mr.  Schmidt:  Does  the  profit  of  $10.00  net  from 
additional  one  hour  of  work  vary  with  the  species? 


Mr.  Lane:  That  $10.00  figure  is  based  on  the 
average  production  cost  of  red  oak.  Profit  does  vary 
somewhat  with  species  because  of  price  differentials 
for  a  given  grade  and  difference  in  production 
rates. 

Mr.  Schmidt:  How  will  the  education  of  mill 
men  to  grade  logs  affect  the  conditions  of  our 
forests  as  to  quality  control  ? 

Mr.  Lane:  I  think  that  in  the  long  run,  grading 
logs  will  improve  stand  conditions  by  helping  to 
channel  logs  into  their  best  use.  For  the  same  reason 
this  should  implement  quality  control  at  the  mill. 

Air.  Schmidt:  Would  it  not  be  better  to  think  of 
grade  even  if  some  added  thickness  must  be  sac¬ 
rificed  ? 


24 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Mr.  Lane:  Yes,  I  think  that  the  first  step  is  to  get 
the  maximum  yield  of  the  better  grades.  Thickness 
control  is  important  but  it  seems  to  me  that  this  is 
a  refinement  to  be  carried  out  after  some  of  the 
basic  ills  of  mill  operation  are  corrected. 

Walton  R.  Smith  (Walton  Lumber  Company 
Inc.):  Merely  the  education  of  the  mill  man  to 
grade  logs  is  not  likely  to  affect  forestry  practices 
very  much.  If  log  buyers,  however,  will  realize  the 
difference  in  value  between  the  logs  of  the  different 
grades  and  will  pay  accordingly,  the  mill  man  will 
soon  realize  that  the  young,  immature,  knotty  logs 
will  not  pay  their  way  but  that  the  mature  logs 
will  usually  bring  a  good  profit.  After  all,  the 
profit  incentive  will  control  our  forestry  practices, 
whether  we  are  idealists  or  not. 

Statistical  quality  control  is  too  complicated  for 
the  average  sawmill  man  to  comprehend.  We  need 
to  develop  something  of  simpler  terminology  and 
easier  application  than  the  methods  we  now  use,  if 
the  sawmill  man  is  to  carry  on. 

Grade  is  far  more  important  in  lumber  values 
than  a  little  loss  in  footage  by  a  little  extra  thick¬ 
ness.  More  money  is  lost  by  the  small  sawmill  men 
who  sell  to  me  by  failure  to  saw  for  grade  than  by 
anything  else.  Another  loss  that  is  appreciable  is 
from  thin  lumber,  which  again  is  a  grade  loss. 

Robert  C.  Fraunberger  (Philco  Corporation) :  In 
Table  8 — Grades  and  Yield;  was  the  lumber  in¬ 
spected  by  NHLA  inspectors? 

Mr.  Lane:  Yes,  we  contracted  with  the  NHLA 
to  inspect  the  lumber  on  this  study. 

Mr.  Fraunberger:  Have  you  given  the  log  run 
totals  for  this  data  to  compare  with  the  log  grade 
figures  ? 

Mr.  Lane:  No,  because  we  have  not  completed 
the  analysis  of  our  log  grade  data.  However,  from 
this  chart  you  will  note  that  the  average  mill  run 
yield  for  hardwood  logs  is  28  percent  No.  1  Com¬ 
mon  and  Better;  58  percent  No.  2  Common  and 
lower;  and  14  percent  ties  and  timbers. 

Mr.  Fraunberger:  Does  it  pay  the  small  operator 
to  grade? 

Air.  Lane:  We  certainly  think  so.  As  I  indicated 
in  the  paper,  grading  logs  is  one  way  of  controlling 
log  quality  to  insure  a  reasonable  profit. 

/.  V.  Anderson  (U.  S.  Forest  Service) :  How  do 
you  propose  to  educate  small  mill  men  to  use  of 
these  grades? 

Mr.  Lane:  Through  a  program  of  education  and 
demonstration. 

Air.  Anderson:  Would  you  use  farm  foresters, 
lumber  association  representatives,  your  own  edu¬ 
cational  organization  or  just  what? 

Air.  Lane:  I  think  that  to  be  successful  it  should 
be  a  joint  program  of  the  various  public  forestry 
agencies,  both  State  and  Federal,  with  industry. 
We  have  participated  in  several  such  demonstra¬ 
tions  recently  that  were  sponsored  jointly  by  the 
State  Forestry  school,  the  State  Forester  and  a 


lumber  industry  trade  association.  To  date  we  have 
found  mill  operators  very  interested  and  receptive 
to  the  idea  of  grading  sawlogs. 

Mr.  Smith:  I  am  trying  an  experiment  in  educat¬ 
ing  the  small  sawmill  operator  not  only  in  log 
grades  but  in  selective  cutting,  and  lumber  grading. 
I  buy  poplar  lumber  almost  exclusively  and  I  pur¬ 
chase  it  all  on  grade  with  quite  a  differential  in 
price  between  the  better  and  poorer  grades.  The 
operators  are  learning  that  they  do  not  break  even 
if  they  cut  small,  immature,  knotty  timber  but  that 
they  make  a  good  profit  if  they  operate  in  mature 
stands  that  will  produce  grade.  I  am  instructing 
them  in  grading  lumber  and  sawing  for  grade 
through  personal  contact  in  my  yard,  by  visiting 
their  operations,  and  by  a  series  of  letters  on  grad¬ 
ing  lumber  that  I  am  now  sending  out.  (Sort  of 
like  a  correspondence  course.)  I  believe  that  the 
key  to  the  small  sawmill  problem  is  through  the 
pocketbook  and  that  we  will  solve  the  problem 
when  we  can  get  a  majority  of  the  concentration 
yards  (pine  and  hardwood)  to  buy  only  on  grade 
with  a  substantial  difference  in  price  between  the 
high  and  low  grades.  The  concentration  yards  will 
find  that  they  are  not  gambling  nearly  so  much 
when  they  buy  on  this  basis  and  they  will  be  doing 
a  real  service  to  promoting  better  forestry.  Purchas¬ 
ing  logs  by  log  grades  has  the  same  effect. 

Charles  S.  Walters  (Illinois  Agricultural  Experi¬ 
ment  Station) :  Are  the  production  cost  figures  you 
have  presented  estimates  or  are  they  actual  data? 
Most  of  the  small  mill  operators  in  the  Central 
Hardwood  Region — perhaps  those  cutting  less  than 
500  MBM  a  year — do  not  know  what  it  costs  to 
produce  lumber.  What  they  need  most  is  a  simple 
record-keeping  system  that  will  enable  them  to 
determine  production  costs. 

Mr.  Lane:  The  production  costs  are  based  on 
average  data  for  the  58  mills.  Actual  data  were  col¬ 
lected  on  sawing  time  and  labor  costs.  Capital, 
materials,  and  overhead  costs  are  estimates  based  on 
information  from  a  few  selected  operators.  It  was 
not  possible  to  make  a  detailed  cost  study  at  each 
mill. 

Mr.  Smith:  I  do  not  have  any  detailed  informa¬ 
tion  on  small  sawmill  costs,  but  in  questioning 
small  sawmill  operators  who  sell  lumfer  to  me, 
they  feel  that  it  costs  them  $30.00  per  M.  to  deliver 
the  lumber  to  my  yard.  They  pay  from  $10.00  to 
$15.00  stumpage  and  figure  $3.00  to  $5.00  for  the 
haul.  This  would  make  their  cost  of  milling  from 
$10.00  to  $17.00  per  M.  Based  on  present  labor 
costs,  it  is  my  belief  that  it  averages  around  $15.00. 

Mr.  Schmidt:  On  log  grades,  is  it  feasible  for 
these  mills  to  handle  grade  3  logs  at  a  profit? 

Mr.  Lane:  That  depends  considerably  on  the 
products  produced  from  the  log.  Certainly  the 
chances  for  some  profit  on  a  grade  3  log  are  better 
if  the  heart  center  can  be  used  for  ties  or  timbers. 
Under  present  conditions'  a  mill  could  not  operate 
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with  a  profit  on  grade  3  logs  alone.  Certainly 
grade  3  logs  below  10  inches  are  unprofitable. 

Rjchard  L.  Burkhart  (Swain  Industries) :  Will 
the  profit  for  the  sawmill  man  be  more  if  those  top 
grade  logs  were  sold  for  veneer  instead  of  being 
sawn  into  lumber?  Our  experience  shows  that  on 
red  oak  cut  in  southern  Kentucky,  at  current  prices 
a  yield  of  $31.25  per  thousand  board  feet  (Doyle) 
more  can  be  realized  by  selling  top  grade  logs  for 
veneer  than  by  cutting  them  into  lumber. 

Mr.  Lane:  Our  grade  yield  data  indicate  that  the 
larger  grade  1  logs  would  be  worth  more  for  veneer 
than  for  lumber.  We  found  that  some  of  the  larger 
mills  were  stock-piling  their  veneer  quality  logs 
and  shipping  them  in  carload  lots.  However,  many 
of  the  operators,  get  such  a  small  number  of  veneer 
logs  that  they  can  not  afford  to  stock  pile  them  and 
therefore  usually  manufacture  them  into  lumber 
along  with  the  rest  of  their  sawlogs. 

C.  D.  Dosker  (Gamble  Brothers) :  I  feel  sure 
that  if  the  small  sawmill  operator  would  write  to 
the  veneer  mills  in  his  section  he  would  find  that 
in  most  instances  he  could  realize  more  from  his 
top  logs  if  he  sold  them  to  a  veneer  mill  rather 
than  converting  them  into  lumber. 

Mr.  X:  You  have  indicated  that  the  average  cir¬ 
cular  mill  could  reduce  daily  "shut-down”  time  by 
50  percent.  What  would  this  mean  in  terms  of 
additional  production  and  profit? 

'  Mr.  Lane:  Reducing  "shut-down”  time  by  50 
percent  will,  for  the  average  mill,  reduce  produc¬ 
tion  costs  $2.00  per  thousand  board  feet  or  increase 
production  about  1,000  board  feet  per  day  and 
profit  almost  $20.00  per  day  with  the  same  labor 
cost. 

Mr.  Dosker:  It  is  important  to  know  the  cause 
of  the  shut-down  of  the  small  mill.  It  may  be  log 


supply,  or  it  may  be  breakdown  of  equipment.  In 
most  cases  mills  do  not  obtain  their  best  production 
because  of  improper  maintenance.  Makeshift  repairs 
can  frequently  prove  costly  in  the  long  run.  Small 
repairs,  if  made  promptly,  can  save  costly  shut¬ 
downs  over  long  peric>ds  of  time  resulting  from 
neglect. 

Mr.  X:  How  do  the  log  values  you  have  shown 
for  the  dense  hardwood  species  compare  with 
yellow  pine  and  the  soft  hardwoods  ? 

Air.  Lane:  Value  curves  have  about  the  same 
trend.  However,  actual  values  for  pine  are  10  to  15 
percent  higher  due  to  faster  sawing  time. 

Mr.  X:  The  diameter  of  average  hardwood  logs 
is  12  inches,  what  would  be  the  net  effect  if  the 
average  were  increased  to  14  inches? 

Mr.  Lane:  Production  would  be  increased  15  per¬ 
cent,  production  costs  would  decrease  $2.00  per 
thousand  board  feet,  and  the  average  value  of 
lumber  produced  from  the  larger  logs  would  be  at 
least  $3.00  more  per  thousand  board  feet. 

Mr.  X:  To  what  extent  do  circular  mills  utilize 
their  slabs,  edgings  and  sawdust? 

Mr.  Lane:  About  80  percent  of  the  slabs  and 
edgings  are  used  for  fuel;  20  percent  are  wasted 
because  they  are  inaccessible  and  cannot  be  hauled 
economically.  There  is  only  a  limited  market  for 
green  sawdust.  About  75  percent  is  wasted;  15  per¬ 
cent  is  used  for  boiler  fuel;  and  10  percent  is  used 
for  animal  bedding,  soil  improvement,  sweeping 
compounds,  etc. 

Mr.  Dosker:  It  has  been  my  observation  that 
very  few  small  mills  make  any  effort  to  utilize  slabs 
and  edgings  in  the  production  of  small  dimension 
stock.  Most  of  the  slabs  and  edgings  are  cut  into 
fuel  wood  and  sold  in  the  vicinity  of  the  mill. 
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Quality  control  and  the  effective  use  of  quality-control  charts  offers  a  means  of  eliminating  waste  in  lumber  noatiu- 
facture  and  improving  sawmill  operation,  to  the  mutual  benefit  of  sawmill  operator  and  lumber  buyer. 


Introduction 

Lack  of  quality  control  in  the  manufacture  of 
»  lumber  results  in  the  production  of  a  non- 
uniform  product  and  the  development  of  excessive 
waste.  These  effects  are  reflected  in  higher  costs 
both  to  the  producer  and  the  consumer  and  are, 
therefore,  to  be  avoided.  Statistical  quality  control 
techniques  can  be  readily  adapted  to  the  control  of 
the  quality  of  lumber  both  at  the  manufacturing  and 
using  levels. 

The  term  "Quality  Control”  has  been  used  with 
reference  to  the  manufacture  of  wood  products  to 
mean  a  great  many  things.  As  Shewart^  has  pointed 
out  the  term  quality  to  many  people  indicates  the 
"goodness”  of  a  thing.  It  is  in  this  sense  that  the 
word  quality  is  used  in  advertising  when  the  term 
"quality  product”  or  "quality  merchandise”  is  ap¬ 
plied  to  articles  of  commerce.  Shewhart  has  de¬ 
scribed  this  concept  of  quality  as  the  subjective  view¬ 
point.  Quality  may  also  be  defined  objectively.  The 
first  definition  given  in  Funk  and  Wagnalls  dic¬ 
tionary  for  the  word  quality  is,  "That  which  makes 
a  being  or  thing  such  as  it  is;  essential  property;  a 
distinguishing  element  or  characteristic”.  In  this 
sense  of  the  word  a  product  has  not  one  but  many 
qualities.  A  piece  of  lumber  has  qualities  of  thick¬ 
ness,  width,  grade,  condition  of  surface,  and  many 
others.  For  the  purpose  of  discussing  quality  con¬ 
trol  as  an  industrial  technique  the  subjective  defini¬ 
tion  of  quality  as  the  goodness  of  a  thing  is  not 
suitable.  It  is  necessary  to  use  the  objective  defini¬ 
tion  of  quality  as  a  set  of  characteristics. 

Radford^  states,  "The  term  quality  as  applied  to 
the  products  turned  out  by  an  industry,  means  the 
characteristic  or  group  or  combination  of  character¬ 
istics  which  distinguishes  one  article  from  another, 

‘A  joint  project  of  the  Wood  Products  Laboratory, 
North  Girolina  State  College  and  the  North  Carolina  De¬ 
partment  of  Conservation  and  Development.  The  authors 
express  their  appreciation  for  the  cooperation  afforded  by 
the  Walton  Lumber  Company,  Mebane,  North  Carolina, 
and  the  Cary  Lumber  Company,  Durham,  North  Carolina, 
during  the  course  of  the  investigations. 

‘Shewhart,  W.  A.  Economic  Control  of  Quality  of 
Manufactured  Product.  Van  Nostrand,  New  York,  1931. 
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or  the  goods  of  one  manufacturer  from  those  of  his 
competitors,  or  one  grade  of  product  from  a  certain 
factory  from  another  grade  turned  out  by  the  same 
factory.”  In  the  manufacture  of  lumber  the  quali¬ 
ties  of  thickness,  width,  grade,  etc.,  are  usually  speci¬ 
fied  in  accepted  grading  rules,  specifications,  or  other 
standards  of  the  industry.  If  the  product  is  to  be 
considered  satisfactory,  these  characteristics  of  the 
lumber  must  meet  the  accepted  standards.  It  is  the 
purpose  of  this  paper  to  describe  some  techniques 
which  can  be  used  in  the  manufacture  of  lumber  to 
effect  control  over  these  qualities  of  the  manufac¬ 
tured  product. 

In  the  manufacture  of  lumber  as  in  the  manufac¬ 
ture  of  any  other  mass  produced  product  it  is  im¬ 
possible  to  precisely  duplicate  the  individual  arti¬ 
cles  in  the  same  nominal  group.  Variation  from  ar¬ 
ticle  to  article  is  expected  and  accepted.  The  causes 
for  this  variation  from  board  to  board  in  the  same 
nominal  group  are  infinite.  Many  of  the  causes  are 
unknown  and  if  they  were  all  known,  it  would  be 
undesirable  to  attempt  to  do  anything  about  many 
of  them.  They  are  chance  causes  which  are  accepted 
as  being  normal  to  the  production  operation.  While 
such  chance  causes  of  variation  are  accepted  as  being 
normal  to  a  manufacturing  process,  it  is  expected 
that  this  variation  will  occur  within  limits  and  that 
it  will  be  of  such  magnitude  that  the  final  product 
will  have  utility.  The  statistical  quality  control  tech¬ 
niques  developed  originally  by  Shewhart  and  his 
colleagues  at  the  Bell  Telephone  laboratories  are 
valuable  tools  for  evaluating  a  production  process  to 
determine  what  its  natural  variation  is,  for  reveal¬ 
ing  assignable  causes  for  excessive  variation  when 
they  are  present  and  for  the  identification  of  such 
assignable  causes  so  that  they  can  be  eliminated. 

"Quality  ’  Applied  to  Lumber 

In  the  manufacture  of  lumber,  thickness  is  one 
quality  which  must  be  controlled.  Emphasis  is  most 
frequently  placed  on  control  of  thickness  to  the  end 
that  excessively  thin  boards  will  be  eliminated.  Much 
lumber  is  surfaced  to  obtain  its  final  dimensions.  If 
the  lumber  is  too  thick  it  can  be  cut  down  in  the 
planer  to  the  proper  dimension.  If  it  is  too  thin, 
there  isn’t  much  that  can  be  done  in  surfacing  except 
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perhaps  to  surface  it  down  to  the  next  lower  nom¬ 
inal  dimension.  A  frequent  comment  of  planing 
mill  operators  with  reference  to  thick  and  thin  lum¬ 
ber  is,  "We  can  take  it  off,  but  we  can’t  put  it  on”. 
Accordingly,  emphasis  in  the  control  of  thickness  is 
likely  to  be  on  the  elimination  of  thins.  Actually 
there  are  equally  compelling  if  not  so  obvious  rea¬ 
sons  for  the  elimination  of  excessively  thick  boards. 
Such  boards  overload  surfacing  equipment  resulting 
frequently  in  slower  operation,  shorter  machine  life 
and  excessive  maintenance  costs.  Further  the  extra 
thickness  represents  unnecessary  waste  that  is  re¬ 
flected  in  lower  yields.  Money  is  expended  on  this 
waste  wood  in  the  procurement  of  stumpage  and 
the  cost  of  transportation  and  handling  from  the 
forest  through  the  sawmill  to  the  planing  mill  with 
no  compensating  value  at  the  end  of  the  line.  It  is 
important,  therefore,  in  the  manufacture  of  lumber 
to  control  the  thickness  as  well  as  possible  through 
the  elimination  of  chance  causes  for  excessively 
thick  and  thin  lumber. 

The  same  factors  which  make  it  desirable  to  con¬ 
trol  the  thickness  of  lumber  are  applicable  to  control 
of  width. 

It  was  the  objective  of  this  study  to  evaluate 
some  statistical  quality  control  techniques  as  ap¬ 
plied  to  the  control  of  thickness  and  width  of  rough 
lumber.  The  research  was  conducted  on  small  port- 
•  able  sawmills  of  the  type  that  produce  a  substantial 
part  of  the  lumber  manufactured  in  Eastern  United 
States.  The  same  techniques  may  be  applied  in  con¬ 
trol  of  lumber  quality  at  larger  mills. 

Application  of  Charts 

Since  an  excessive  amount  of  thick  and  thin  lum¬ 
ber  is  objectionable  at  planing  mills  and  concentra¬ 
tion  yards  handling  the  output  of  small  sawmills, 
it  would  be  advantageous  for  many  of  these  installa¬ 
tions  to  exercise  some  form  of  quality  control  over 
their  suppliers.  A  convenient  tool  for  the  exercise 
of  such  control  is  the  chart  for  fraction  defective. 
Fig.  1  illustrates  the  application  of  such  a  chart  to 
the  receiving  reports  on  shipments  of.  hardwood 
lumber  coming  in  to  a  concentration  yard  from  a 
group  of  small  sawmills.  These  receiving  reports 
indicated  only  the  thins  and  not  the  excessively 
thick  boards.  The  chart  shows  lack  of  control,  with 
out-of-control  points  falling  beyond  the  upper  and 
lower  control  limits.  The  points  falling  beyond  the 
upper  control  limits  indicate  an  excessive  number 
of  thin  boards  in  a  particular  shipment.  It  will  be 
noted  that  out  of  10  of  the  points  falling  above  the 
upper  control  limit,  7  represent  shipments  from  sup¬ 
pliers  A  and  B.  The  action  indicated  to  effect  con¬ 
trol  is  to  work  with  operators  A  and  B  to  obtain  a 
reduction  in  the  percentage  of  thin  boards  or  to 
eliminate  them  as  suppliers.  The  same  action  in 
perhaps  a  less  vigorous  manner  would  be  suggested 
for  the  operators  with  occasional  shipments  out  of 
control. 


The  out  of  control  points  on  the  low  side  suggest 
several  possible  causes.  The  appropriate  one  should 
be  determined  by  investigation.  It  may  just  be  a 
lucky  accident  in  which  case  no  action  is  necessary. 
The  low  points  may  result  because  the  operator  is 
sawing  for  a  higher  average  board  thickness  than 
his  competitors  to  avoid  rejection  of  thins.  If  this 
is  the  case  it  is  certainly  disadvantageous  to  the 
operator  and  for  the  reasons  previously  given  may 
be  equally  undesirable  from  the  customer’s  view¬ 
point.  In  this  instance  some  action  to  improve  the 
general  control  of  thickness  by  the  sawmill  operator 
at  a  lower  thickness  level  might  be  desirable  for  the 
customer  even  if  it  resulted  in  a  slight  increase  in 
the  percentage  of  thins.  Another  possible  cause  for 
the  low  points  is  an  inspection  error  on  the  part  of 
the  grader.  Failure  of  the  grader  to  recognize  and 
throw  out  thins  at  receiving  inspection  could  pro¬ 
duce  this  indication  on  the  chart.  Finally  the  low 
points  might  result  from  improved  operation.  The 
suppliers  involved  may  have  better  control  at  the 
sawmill  or  more  careful  shipping  inspection.  If  this 
is  the  case  and  other  suppliers  could  be  persuaded 
to  adopt  the  same  procedures  a  general  improve¬ 
ment  in  the  quality  of  all  shipments  might  be  pos¬ 
sible.  This  would  be  reflected  in  the  control  chart 
in  narrower  control  limits  and  a  lower  level  of  per¬ 
cent  defective. 

Control  of  grade  was  not  one  of  the  subjects  in¬ 
vestigated  during  this  study,  since  the  concentration 
yards  cooperating  were  taking  mill  run  material. 
Where  lumber  is  bought  on  grade,  similar  P  charts 
could  be  used  to  maintain  control  of  grade.  Be¬ 
cause  the  cooperating  lumber  yards  were  buying  mill 
run  material  all  incoming  lumber  was  graded  as  it 
arrived,  hence  a  percent-defective  chart  was  easy  to 
keep  and  inexpensive  to  maintain  since  the  neces¬ 
sary  information  could  be  obtained  from  the  grade 
reports.  Where  lumber  is  bought  on  grade  the  qual¬ 
ity  check  on  dimension  and  grade  could  be  accom-* 
plished  by  sampling  each  shipment.  The  same  type 
of  P  chart  could  be  used  to  analyze  such  samples. 
The  single,  double  and  sequential  methods  of 
acceptance  sampling  would  also  be  adaptable  to  re¬ 
ceiving  inspection  of  lumber  where  a  sample  check 
only  was  made  and  these  methods  would  be  likely  to 
be  less  expensive.  The  same  techniques  could  also 
be  used  to  control  the  quality  of  incoming  lumber 
shipments  with  reference  to  widths. 

As  previously  indicated  lack  of  control  in  P  charts 
used  at  receiving  inspection  frequently  points  to  the 
need  for  better  control  of  the  manufacturing  opera¬ 
tion  of  the  sawmill.  Statistical  quality  control  meth¬ 
ods  may  be  readily  adapted^  to  control  of  thickness 
and  width  at  the  head  saw  and  edger.  For  control 
of  these  operations  the  control  chart  for  variables 
(X  and  R  chart)  is  more  sensitive  and  more  pro¬ 
ductive  of  information  than  is  the  P  chart. 

*  Bethel,  J.  S.,  Barefoot,  A.  C.,  and  Stecher,  D.  A. — • 
Quality  Control,  a  Study  in  Small  Sawmill  Operations, 
^uthern  Lumber  Journal.  Dec.  1950. 
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Fies.  2  and  3  illustrate  two  control  charts  for 
thickness  of  4/4  lumber  produced  by  two  sawmills 
studied.  For  the  purpose  of  this  quality  control 
study  a  sub-group  consisted  of  four  thickness  meas¬ 
urements  made  on  a  board.  The  measurements  were 
made  on  the  board  as  illustrated  in  Fig.  4.  The  two 
mills  studied  were  made  by  the  same  manufacturer 
and  were  operating  within  a  mile  of  each  other  on 
comparable  timber  and  were  shipping  to  the  same 
concentration  yard.  The  planing  mill  at  the  concen¬ 
tration  yard  specified  that  the  green  thickness  of 
4/4  lumber  be  1^  inches  and  lumber  with  a  green 
thickness  less  than  1  inch  was  culled.  Mill  B  (Fig. 
3)  shows  serious  lack  of  control  while  Mill  A  (Fig. 
2)  shows  reasonably  good  control  although  too 
many  points  fall  outside  the  control  limits  to  justify 
describing  the  operation  as  being  in  control.  It  will 
be  noted  that  the  control  limits  for  average  board 
thickness  had  about  the  same  spread  for  both  mills 
indicating  that  the  sawmills  had  about  the  same 
capabilities  for  the  production  of  uniform  lumber. 
The  average  board  thickness  for  Mill  A  was  37/32 
inch  while  that  for  Mill  B  was  in  excess  of  40/32 
inch.  It  was  necessary  for  Mill  B  to  produce  an 
average  board  almost  Yg  inch  thicker  than  that  pro¬ 
duced  by  Mill  A  to  meet  the  same  minimum  thick¬ 
ness  requirement  of  the  planing  mill.  For  the  period 
of  the  study  Mill  B  delivered  approximately  7^2 
percent  more  actual  wood  to  the  planing  mill  to 
get  the  same  nominal  scale  than  did  Mill  A.  This 
extra  IY2  percent  represents  extra  planing  mill  waste 
and  contributes  nothing  to  the  advantage  of  either 
the  sawmill  or  the  planing  mill.  In  this  case  the 
lack  of  control  at  Mill  B  was  due  largely  to  careless 
setting  by  the  sawyer. 

Fig.  5  represents  a  control  chart  for  variables 
which  illustrates  the  way  in  which  the  application 
of  statistical  quality  control  methods  can  bring  about 
an  improvement  in  quality  control.  At  the  start  of 
the  study  the  mill  was  badly  out  of  control  as  far  as 
board  thickness  was  concerned.  The  average  board 
thickness  was  large  to  permit  thin  boards  to  satisfy 
the  minimum  planing  mill  thickness  requirements. 
The  spread  between  upper  and  lower  control  limits 
was  wide  indicating  a  basic  inaccuracy  in  the  saw¬ 
mill  as  a  lumber  manufacturing  machine.  During 
the  17-day  period  of  the  study  the  operator  made 
several  changes  in  his  equipment  to  correct  defects 
revealed  by  the  control  chart  with  a  resulting  im¬ 
provement  in  both  yield  and  uniformity  in  lumber 
thickness. 

Causes  for  Loss  of  Quality 

One  of  the  results  of  the  study  of  the  eleven  mills 
investigated  during  this  project  was  to  reveal  some 
of  the  major  causes  for  lack  of  control  of  board 
thickness  at  small  sawmills.  These  causes  can  be 
separated  into  two  groups;  those  resulting  from 
equipment  defects  and  those  resulting  from  opera¬ 
tional  mistakes. 


Equipment  Defects 

Among  the  equipment  defects,  that  of  improper 
mill  set-up  was  most  frequently  encountered.  This 
defect  stems  very  largely  from  the  portable  char¬ 
acter  of  most  small  sawmills.  They  are  designed  to 
be  portable  and  are  frequently  set  up  to  be  operated 
for  a  few  weeks  or  months  and  then  moved.  The 
operators  are  understandably  reluctant  to  expend 
any  more  than  a  minimum  of  time  and  money  to  set 
them  up  for  operation.  Accordingly  many  mills  are 
not  properly  aligned  and  leveled  when  they  are 
set  up.  Frequently  they  are  placed  on  inadequate 
foundations  and  as  a  result  they  settle  in  use  and 
get  seriously  out  of  level  and  alignment.  One  of  the 
major  improvements  made  in  the  mill  represented 
by  the  chart  in  Fig.  5  was  to  straighten  the  track 
and  re-align  the  mill. 

A  second  equipment  defect  that  resulted  in  poor 
control  of  board  thickness  was  inadequate  power. 
This  is  not  necessarily  the  result  of  operating  with 
a  power  unit  that  is  too  small  in  horsepower, 
although  that  is  sometimes  the  cause.  Frequently  the 
mills  with  large  diesel  power  units  revealed  inade¬ 
quate  power  at  the  saw  as  evidenced  by  an  excessive 
rpm.  drop  in  the  cut.  There  were  several  reasons  for 
this  apparent  lack  of  sufficient  power  where  large 
sized  power  units  were  in  use.  The  most  common 
fault  was  that  the  operators  were  trying  to  maintain 
high  production  rates  by  operating  with  a  very  high 
rate  of  feed  and  high  mandrel  rpm.  The  same 
power  units  would  operate  the  sawmills  satisfac¬ 
torily  with  lower  feed  rates  and  saw  speeds.  All  of 
the  evidence  collected  during  this  study  indicated 
that  a  high  rate  of  production  could  be  maintained 
at  a  lower  saw  speed.  When  the  saw  was  running 
at  too  high  a  speed,  high  rpm.  drops  in  the  cut 
developed.  The  lumber  was  non-uniform  in  thick¬ 
ness  since,  at  a  lower  rpm,.,  the  saw  dished  and 
wobbled.  Other  causes  of  inadequate  power  at  the 
head  saw  when  power  units  were  apparently  large 
enough  to  do  the  job  were:  improper  saw  mainte¬ 
nance,  inefficient  power  take  off  and  transfer  belts, 
poor  maintenance  and  operation  of  such  auxiliary 
equipment  as  edgers,  cut-off  saws,  slab  saws,  and 
sawdust  and  slab  conveyors.  Some  large  power  units 
were  delivering  only  a  portion  of  their  rated  horse¬ 
power  because  of  age  and  improper  maintenance 
and  operation.  The  control  chart  illustrated  in  Fig. 
6  shows  a  substantial  number  of  boards  out  of  con¬ 
trol  which  were  traced  to  excessive  rpm.  drops  in 
the  cut. 

Another  equipment  defect  which  caused  lack  of 
control  was  improper  lead  in  the  saw.  Some  oper¬ 
ators  did  not  know  how  to  properly  set  lead  by 
adjustment  of  the  saw  mandrel.  Others  were  just 
careless  about  setting  it.  Several  operators  were 
filing  lead  into  the  saw  and  obtaining  non-uniform 
lumber  as  a  result. 

Poor  saw  maintenance  was  also  found  to  be  an 
important  cause  of  miscuts.  This  involved  operation 
of  dull  saws,  improper  sharpening  and  swaging. 
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warped  saws  and  operation  of  saws  at  speeds  other 
than  the  one  for  which  the  saw  was  tensioned. 
Fig.  7  shows  a  control  chart  for  a  sawmill  cutting 
hardwood.  The  sudden  changes  in  the  spread  of 
control  limits  in  the  center  of  the  chart  occurred 
when  bits  which  were  dull  and  inadequately  swaged 
were  replaced  by  a  new  set  of  bits. 

Another  equipment  defect  that  resulted  in  miscut 
lumber  was  improper  carriage  alignment.  In  head 
block  type  mills  this  resulted  when  the  knees  were 
not  lined  up  parallel  to  the  cutting  line.  In  log  beam 
type  mills  it  may  result  from  warped  or  sprung 
beams.  This  defect  resulted  in  a  dog  board  that  was 
wedge  shaped  from  end  to  end  and  out  of  control. 
Another  form  of  carriage  mis-alignment  that  con¬ 
tributed  to  lack  of  control  was  that  resulting  from 
end  play  in  the  carriage  trucks.  This  defect  resulted 
in  miscut  boards  that  were  indiscriminately  thick 
and  thin  throughout  their  length. 

Operational  Mistakes 

The  most  common  operational  mistake  that 
caused  lack  of  control  was  that  of  careless  setting. 
Some  sawyers  did  not  pull  to  a  pin  on  the  set  works 
quadrant  or  use  a  sawing  guide  board  as  an  aid  to 
setting,  although  all  of  the  mills  studied  were 
equipped  with  at  least  one  of  these  sawing  guides 
and  most  frequently  they  had  both.  The  lack  of  con¬ 
trol  illustrated  in  the  control  chart  in  Fig.  3  was 
traced  to  this  cause.  The  sawyer  at  this  mill  was 
setting  4/4  lumber  without  the  use  of  a  pin  and 
without  reference  to  a  guide  board.  As  a  result, 
while  the  range  in  thickness  from  one  part  of  a 
board  to  another  was  comparable  to  that  obtained 
with  mills  operated  in  control,  the  variation  in 
thickness  from  board  to  board  was  great  and  exhib¬ 
ited  lack  of  control.  In  those  instances  where  the 
sawyer  was  pulling  to  a  pin,  lack  of  control  some¬ 
times  resulted.  If  he  failed  to  pull  all  the  way  to  a 
pin  a  thin  board  was  manufactured  and  if  he  pulled 
too  hard  the  slack  in  the  rack  and  pinion  allowed 
an  excessively  thick  board  to  be  cut.  Where  care  was 
used  in  setting,  either  the  use  of  a  pin  or  a  sawing 
guide  board  proved  satisfactory. 

Another  common  operational  error  was  that  of 
miscalculation.  When  sawyers  didn’t  take  the  time 
to  calculate  their  cuttings  prior  to  starting  on  the 
last  two  sides"’  of  the  log  the  dog  board  was  fre¬ 
quently  either  too  thick  or  too  thin.  Sometimes  the 
sawyer  would  recognize  his  problem  after  getting 
into  the  cant  and  then  multiply  it  by  spreading  his 
error- over  the  last  three  or  four  boards  instead  of 
allowing  it  to  appear  only  in  the  dog  board.  An 
experienced  sawyer  can  make  the  necessary  calcula¬ 
tions  in  a  matter  of  seconds  and  those  sawyers  that 


“Sawing  order  is  described  using  Southern  Pine  Inspec¬ 
tion  Bureau  nomenclature.  Side  one  is  the  first  side  of  a 
log  sawn.  Side  2  is  the  first  side  of  the  log  sawn  adjacent 
to  side  1.  Side  3  is  the  side  opposite  side  1.  Side  4  is  the 
side  opposite  side  2.  Cahal,  R.  R.  Sawmilling  Practices 
that  Pay.  Southern  Pine  Inspection  Bureau,  1947. 


were  calculating  their  cuts  were  producing  as  much 
lumber  as  those  that  were  not. 

An  operational  fault  that  was  frequently  observed 
was  inadequate  dogging.  All  of  the  mills  studied 
were  equipped  with  at  least  three  dogs  and  the  best 
quality  control  was  obtained  where  three  were  used. 
Many  sawyers  use  only  the  front  dog  when  the  log 
is  in  the  round.  This  provides  inadequate  support 
for  the  log  during  sawing  and  the  movement  of  the 
log  on  the  carriage  results  in  thick  and  thin  lumber. 
Since  all  of  the  mills  studied  had  sufficient  person¬ 
nel  on  the  deck  to  handle  the  other  dogs  this  defect 
was  one  that  could  easily  be  corrected. 

There  are  two  operations  which  must  be  con¬ 
trolled  to  obtain  satisfactory  quality  control  of  the 
widths  of  boards  produced  by  a  sawmill.  The  width 
of  the  boards  cut  from  a  squared  cant  is  determined 
in  the  sawing  operation  on  the  head  saw  when  the 
cant  is  squared.  The  width  of  boards  produced  from 
the  round  log  is  a  function  of  the  edging  operation. 
This  operation  may  be  accomplished  with  the  head 
saw  by  stacking  the  boards  on  the  carriage  or  it  may 
be  accomplished  through  the  use  of  a  gang  edger. 
The  causes  for  lack  of  control  of  the  width  of 
boards  sawed  from  squared  cants  are  the  same  as 
those  for  lack  of  control  in  thickness.  In  studying 
quality  control  of  thickness  it  was  observed  that  the 
dog  board  was  the  one  most  likely  to  be  out  of  con¬ 
trol.  This  is  true  because  errors  in  sawing  boards 
from  a  log  tend  to  be  accumulated  in  reverse  in  the 
dog  board.  For  example,  if  the  majority  of  boards 
cut  from  sides  two  and  four  of  a  log  were  slightly 
thinner  at  the  ends  than  in  the  center,  the  dog  board 
would  be  substantially  thicker  at  the  ends  than  in 
the  center.  If  the  same  thing  occurs  in  sawing  sides 
one  and  three  the  width  of  the  cant  will  have  the 
same  accumulated  errors  that  would  appear  in  the 
dog  board  when  cutting  sides  two  and  four.  These 
accumulated  mistakes  wiU  then  be  represented  by 
lack  of  control  in  the  width  of  the  boards  from  the 
squared  cant.  It  is  obvious  then  that  good  quality 
control  of  thickness  at  the  head  saw  will  result  in 
good  quality  control  of  widths  of  boards  sawed 
from  squared  cants  and  poor  quality  control  in 
thickness  will  also  be  reflected  in  poor  quality  con¬ 
trol  in  widths  of  boards  from  the  squared  cants. 

Many  of  the  causes  of  poor  control  of  thickness 
will  also  result  in  poor  control  of  widths  of  boards 
edged  on  the  head  saw.  In  addition  poor  control  of 
widths  in  this  operation  can  result  from  careless 
stacking  of  the  boards  on  the  carriage. 

Quality  as  Influenced  by  the  Gang  Edger 

Quality  control  of  the  widths  of  boards  sized  on 
the  gang  edger  involves  a  set  of  problems  different 
from  those  encountered  when  edging  on  the  head 
saw.  In  studying  the  problem  of  quality  control  at 
the  edger  X  and  R  charts  were  used  which  were 
similar  to  those  used  in  controlling  thickness.  A 
sub-group  consisted  of  four  measurements  of  the 
width  of  a  board  coming  from  the  edger.  The  meas- 
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urements  were  taken  at  the  same  points  as  were  the 
thickness  measurements  at  intervals  of  approxi¬ 
mately  1/5  the  length  of  the  board.  Fig.  8  illus¬ 
trates  a  control  chart  for  the  widths  of  boards  from 
an  edger  in  which  reasonably  good  control  is  being 
obtained. 

Fig.  9  shows  a  control  chart  for  an  edger  opera¬ 
tion  that  tends  to  be  deceptive.  It  shows  apparently 
perfect  control  but  the  control  limits  are  very  wide 
apart  as  compared  to  those  shown  in  Fig.  8.  An 
examination  of  the  data  (Fig.  10)  upon  which  this 
chart  is  based  will  reveal  the  cause.  It  will  be  noted 
that  the  boards  get  progressively  thinner  from  the 
front  to  the  back  in  almost  every  case.  This  within 
sub-group  pattern  yields  an  abnormally  high  mean 
range  resulting  in  the  wide  spread  in  control  limits 
and  apparent  good  control.  This  type  of  chart  can 
result  from  an  operation  in  which  the  saws  are  bent 
or  warped,  saw  collars  are  out  of  alignment  or  not 
true,  saws  are  dull  or  improperly  sharpened,  guide 
bar  is  not  parallel  to  the  saws,  feed  rolls  are  out  of 
alignment,  or  the  saw  mandrel  is  not  true. 

Fig.  1 1  illustrates  another  cause  of  lack  of  control 
in  widths.  In  this  instance  the  control  limits  are  very 
close  together  but  a  large  number  of  the  points  fall 
outside  these  limits.  This  indicates  that  the  boards 
are  uniform  in  width  from  one  part  of  a  board  to 
another  but  the  width  varies  excessively  from  board 
to  board.  This  condition  can  be  due  to  one  or  more 
of  the  causes  given  for  the  wide  control  limits  of 
the  chart  illustrated  in  Fig.  9,  if  they  happen  to  be 
operating  intermittently.  It  can  also  be  due  to  care¬ 
less  feeding  on  the  part  of  the  edger  operator. 
When  the  condition  is  as  extreme  as  it  is  in  the 


chart  illustrated  in  Fig.  11  it  is  likely  to  be  due  to 
some  defect  in  the  edger  which  results  in  its  failure 
to  set  the  same  width  each  time  the  operator  moved 
the  lever  controlling  the  moving  saw  to  a  particular 
setting.  The  control  bar  usually  rides  in  groove 
between  the  saw  collar  and  a  movable  outside  collar. 
If  the  width  of  this  groove  becomes  excessive  either 
through  wear  or  slippage  of  the  outside  collar,  the 
play  of  the  control  bar  in  the  groove  will  be  suffi¬ 
cient  to  preclude  satisfactory  repetition  of  settings. 
When  this  condition  exists  it  may  result  in  two  dis¬ 
tinct  populations  of  widths  for  the  same  nominal 
width,  depending  upon  where  the  movable  saw  was 
prior  to  setting.  For  example,  in  edging  8-inch 
cxjards  the  moving  saw  may  assume  one  position  on 
the  mandrel  when  it  is  moved  in  from  a  previous 
setting  of  10  inches  or  12  inches  and  another  posi¬ 
tion  when  it  is  moved  out  from  4  inches  or  6  inches. 
The  solution  is,  of  course,  to  readjust  the  collars  or 
to  replace  worn  parts. 

Conclusions 

The  results  of  this  study  indicate  that  statistical 
quality  control  techniques  can  be  effectively  utilized 
to  improve  quality  control  in  the  manufacture  of 
lumber  at  small  sawmills.  They  suggest  that  the 
same  methods  might  be  applicable  to  large  perma¬ 
nent  sawmills.  Lack  of  quality  control  in  the  manu¬ 
facture  of  lumber  results  in  excessive  waste  of  wood 
both  at  the  sawmill  and  in  later  use,  with  a  corre¬ 
sponding  higher  cost  to  the  mill  operator  and  to 
the  user.  Lack  of  quality  control  also  results  in  an 
unpredictable  product  thus  creating  problems  for 
both  producer  and  user. 


Discussion 

Charles  Latimer  (Nickey  Brothers,  Inc.):  Doesn’t 
Dr.  Bethel  agree  that  no  saving  occurs  unless  logs 
are  at  least  a  certain  diameter;  and  what  is  this 
minimum  ? 

Dr.  Bethel:  Yes,  I  believe  the  minimum  is  about 
14  or  15  inches. 

Dean  B.  Richards  (The  Lilly  Company) :  Just  a 
remark  in  regard  to  the  loss  in  poor  manufacture 
and  wide  kerfs.  Many  people  mistakenly  claim  that 
if  you  save  inch  on  each  board,  you  have  to  cut 
16  one-inch  boards  from  a  log  before  you  save 
enough  wood  to  make  another  board.  Actually  if 
your  dog  board  was  going  to  come  out  %  inch,  it 
would  only  be  necessary  to  save  ^  inch  to  make 
the  dog  board  a  salable  one-inch  board.  On  the 
average,  your  production  of  boards  will  probably 
increase  by  about  the  percent  you  save  on  each  cut. 

Dr.  Bethel:  This  may  be  partially  true  as  you 
consider  that  it  is  necessary  to  save  enough  in  thick¬ 
ness  to  yield  an  additional  board.  Actually,  there  is 
an  increase  in  yield  due  to  greater  board  width  even 
where  the  increase  in  thickness  does  not  yield  an 


extra  board.  If  you  are  to  make  up  the  extra  board 
entirely  from  savings  from  the  boards  cut,  the  log 
would  probably  have  to  be  14  or  15  inches  in 
diameter. 

Walton  R.  Smith  (Walton  Lumber  Company, 
Inc.) :  From  my  experience  with  small  sawmills 
cutting  poplar  lumber,  I  am  inclined  to  believe  that 
the  thickness  of  the  kerf  has  little  effect  on  the 
yield.  The  greatest  losses  are  due  to  miscut  lumber: 
thick  at  ends  and  thin  in  middle  or  vice  versa, 
wedge  shaped  boards,  boards  too  thin  to  make  the 
grade,  and  boards  too  thick.  When  we  can  get  the 
small  sawmill  operator  to  correct  these  gross  mis- 
adjustments,  it  will  be  worth  while  to  concern  our¬ 
selves  about  the  thickness  of  the  kerf.  Regarding 
the  minimum  diameter,  we  recommend  to  our  sup¬ 
pliers  of  poplar  lumber  that  they  do  not  cut  trees 
under  14  inches  in  diameter  except  in  special  in¬ 
stances.  Our  recommendation  is  seldom  followed, 
however. 

A.  Frederic  Wetherill  (Henry  Disston  &  Sons, 
Inc.) :  How  many  people  are  necessary  to  set  up  X 
and  R  Charts? 


average (X)THICKNESt  RAM6E  (R)  TWCRNESS 


Fiy.  S— X  «fid  R  control  ckarts  (or  A/A  pine  lumber.  Uncle 
nett  tcele  denoted  fai  mcket  end  l/^S  incket. 


the  points  at  which  thickness  was 
:h  board.  The  four  measurements 
snstitute  a  sub-group. 


THICKNESS  NANOE  (N)  THICKNESS 
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Fi9.6— X  Mid  R  control  clurti  for  {/4  pine  kimbcr.  Hiielc- 
nets  denoted  in  incket  Mid  1/39  ndiet. 
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Dr.  Bethel:  The  number  required  depends  upon 
how  much  you  are  trying  to  do.  Much  of  our  re¬ 
search  work  was  accomplished  with  one  man  at  the 
mill  and  this  proved  very  satisfactory.  If  you  wish 
to  collect  a  lot  of  data  in  a  short  period  of  time, 
two  men  could  work  more  efficiently.  If  a  chart  was 
being  maintained  as  a  regular  control  measure,  in¬ 
frequent  measurements  are  all  that  would  be  re¬ 
quired.  A  sample  taken  perhaps  once  or  twice  a  day 
should  suffice  after  control  is  established. 

/.  Howard  Schmidt  (Pennsylvania  State  College) : 
How  much  variation  would  you  find  in  widths.^ 

Dr.  Bethel:  A  good  edging  operation  should  be 
capable  of  dimensioning  boards  to  width  within  a 
tolerance  of  -|-  or  —  ^  inch.  The  control  chart 
for  widths  is  of  course  only  applicable  to  softwoods 
since  hardwoods  are  manufactured  to  random 
widths. 

Ted  C.  Weill  (Michigan  State  College) :  Is  it 
usual  practice  to  cut  4/4  boards  D/g  inches  green? 

Dr.  Bethel:  This  was  the  practice  at  all  of  the 
mills  studied  and  is  a  general  practice  in  the  South¬ 
east. 

B.  C.  Williams  (Norfolk  Naval  Shipyards) :  Is 
overcutting  a  practice  of  particular  mills  or  is  it  due 
to  slovenliness  of  the  operator? 


Dr.  Bethel:  Cutting  boards  too  thick  is  a  practice 
followed  by  mills  which  have  poor  control,  to  in¬ 
sure  that  they  have  few  thins.  It  is  a  wasteful  and 
undesirable  method  of  compensating  for  lack  of 
good  quality  control. 

Mr.  Schmidt:  Do  you  feel  that  your  studies  in¬ 
dicate  that  the  semi-stationary  mills  can  work  to  as 
narrow  control  limits  as  the  stationary  mills? 

Dr.  Bethel:  Yes,  our  studies  indicated  that  semi¬ 
stationary  or  portable  mills  can  produce  lumber  of 
comparable  accuracy  to  that  of  stationary  mills  if 
the  mills  are  set  up  properly,  maintained  properly 
and  correctly  operated. 

Mr.  Schmidt:  Your  study  has  been  concerned 
with  size  rather  than  grade.  Don’t  you  think  that 
it  is  more  important  to  emphasize  improvement  in 
sawing  for  grade? 

Dr.  Bethel:  We  consider  that  it  is  important  to 
improve  the  quality  of  lumber  produced  in  small 
saw  mills  both  from  a  standpoint  of  dimension  and 
grade.  This  particular  study  was  confined  to  an 
investigation  of  the  application  of  quality  control 
techniques  to  dimension.  It  is  planned  to  continue 
the  study  to  develop  statistical  quality  control 
methods  which  can  be  applied  to  quality  of  grade. 
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The  Use  of  Gangsaws  in  the  Manufacture  of  Southern 

Pine  Lumber 


E.  E.  Dargan,  Dargan  Lumber  Manufacturing  Company,  Conway,  South  Carolina 


The  operation  of  a  round  log  gangsaw  on  southern  pine  is  described  together  with  a  statistical  analysis  of  the  log 
input  and  lumber  output  of  the  mill. 


Introduction 

This  paper  necessarily  will  deal  with  our  opera¬ 
tion  at  Qinway,  South  Carolina,  as  the  writer 
has  only  scant  information  on  other  gangsaw  in¬ 
stallations.  Since  there  are  only  about  eight  or  nine 
round-log  gangs  in  the  South  it  may  be  as  well  that 
the  subject  is  handled  in  this  manner. 

Equipment 

A  description  of  the  equipment  used  follows: 

1.  A  derrick  with  sufficient  capacity  is  used  to 
unload  logs  from  trucks  upon  their  arrival  at  the 
mill  yard.  The  load  of  logs  remains  in  the  unload¬ 
ing  sling  for  convenience  in  further  handling. 

2,  A  smaller  derrick  nearby  is  used  for  assorting 
the  logs  into  various  size  and  grade  groups.  Eogs 
are  divided  into  three  or  four  groups.  This  group¬ 
ing  varies  with  fluctuations  in  the  lumber  market, 
both  as  to  the  demand  for  certain  sizes  and  price 
changes.  For  instance,  on  occasion  4/4,  5/4  or  6/4 
material  is  sawed  from  either  the  small  or  the  larger 
logs.  Segregation  of  the  logs  by  size  or  grade  is  of 
great  importance,  partially  overcoming  the  objection 
to  gangsaws  for  the  reason  that  the  sawing  is  not  as 
flexible  as  in  other  types  of  mills.  Sorting  is  also 
important  in  that  the  overhang  of  the  saws,  which 
governs  the  speed,  can  be  set  according  to  the  size 
group  to  be  cut.  Of  course,  at  least  a  four-hour  run 
should  be  made  on  each  size.  Another  factor  in 
favor  of  sorting  the  logs  is  that  a  choice  should  be 
made  as  to  whether  the  tip  or  the  butt  end  should 
be  run  through  first.  There  is  considerable  difference 
of  opinion  as  to  which  is  correct.  The  demonstrator 
sent  by  the  factory  to  our  installation  advised  that 
small  ends  face  the  saw  due  to  the  fact  that  in  that 
way  there  would  be  a  gradual  increase  of  pressure 
on  the  hydraulic  system  for  holding  the  log.  How¬ 
ever,  our  men,  being  inexperienced  in  gangsawing, 
tried  placing  the  butts  foremost  and  found,  in  their 
opinion,  that  this  was  to  be  preferred,  the  reason 
being  that  the  larger  end  of  the  log  would  serve  to 
push  the  short  slabs  from  the  preceding  log  through; 
whereas,  if  the  small  end  was  fed  first,  much  time 
was  often  lost  in  getting  short  slabs  on  through  the 


sash.  After  watching  our  operation  the  demonstrator 
was  inclined  to  agree  that  our  idea  was  the  best. 

3.  After  the  logs  are  grouped,  they  are  placed 
on  a  live  log  deck  and  brought  to  the  loading  point 
for  the  carriage.  When  cants  are  to  be  sawn,  which 
in  our  case  is  unusual,  they  are  handled  in  the 
same  manner. 

4.  The  logs  are  then  rolled  onto  the  carriage 
which  consists  of  two  parts  linked  by  cable.  Each 
portion  of  the  carriage  has  four  wheels.  Chains 
travel  in  both  directions  between  the  carriage  tracks, 
carrying  the  carriage  forward  or  backward.  This  is 
controlled  by  the  sawyer  or  carriage  rider  by  use  of 
pedal-operated  clutches.  The  log  is  held  between 
two  points  on  the  rear  part  of  the  carriage  while 
resting  on  the  front  section.  Alinement,  of  course, 
is  very  important  and  can  be  adjusted  by  the  sawyer 
as  the  log  is  rolled  on  and  moves  toward  the  saw. 
Our  experience  has  been  that  an  automatic  flycasting 
reel,  which  rewinds  as  the  carriage  moves  forward, 
and  unwinds  as  the  carriage  moves  backward,  makes 
a  very  helpful  device  for  getting  the  logs  properly 
alined.  Logs  usually  can  be  kept  continuously  in  the 
saw  if  they  are  released  when  they  are  about  half¬ 
way  through,  thus  emptying  the  carriage  for  the 
next  log. 

5.  The  gang  mill  itself,  is  the  Swedish  type  Sash 
Gang  with  a  24-inch  by  24-inch  opening.  This  en¬ 
tire  space  can  be  filled  with  saws,  the  number  of 
course,  being  determined  by  the  spacing  desired. 
Proper  spacers  are  inserted  and  saws  tightened.  We 
make  use  of  the  can-type  tighteners  which  we  be¬ 
lieve  are  superior  to  the  wedge-type.  Pressure  for 
the  feed  rolls,  which  carry  the  log  through  the  sash, 
is  supplied  by  a  hydraulic  pump.  The  rolls  are  pow¬ 
ered  by  a  chain  drive.  This  saw  differs  from  the 
oscillating  type  gang  in  that  the  sash  travels  straight 
up  and  down  at  a  high  rate  of  speed.  The  saws 
are  set  at  an  angle,  with  the  cutting  done  on  the 
down  stroke  and  is  then  returned  through  the  space 
made  on  the  down  stroke.  Too  rapid  a  feed  will 
cause  the  back  of  the  teeth  to  strike  the  log  and  have 
a  vibrating  or  chattering  effect.  The  use  of  large  ball 
bearings  throughout  the  machine,  with  a  pin  bear¬ 
ing  on  the  crank  driving  the  saws,  allows  fairly  high 
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speed  although  our  experience  has  been  that  the 
speed  recommended  by  the  manufacturer  is  too  high. 
The  use  of  circulating  water  in  jackets  surrounding 
the  slides  is  also  a  considerable  factor  in  obtaining 
speeds  up  to  340  strokes  per  minute.  Perhaps  the 
density  of  southern  pine  accounts  for  our  failure  to 
find  speeds  up  to  375  strokes  per  minute  practical. 
Our  machine  is  equipped  with  six  rolls  instead  of 
the  usual  four.  At  the  infeed  and  outfeed  ends,  we 
have  two  rolls  on  the  bottom  and  one  above,  placed 
about  halfway  between  the  lower  rolls.  This  helps 
to  hold  the  logs  steady  and  increases  the  average 
speed  of  cut.  Another  device  which  can  be  added  to 
the  saw  to  promote  smoother  operation  is  an  inside 
support  plate  which  can  be  placed  between  the  rolls 
and  about  one-eighth  inch  from  the  saws.  This 
serves  in  a  manner  similar  to  the  action  of  a  chip- 
breaker  on  a  planer  and  will  eliminate  much 
vibration. 

6.  After  the  log  emerges  from  the  outfeed  end  of 
the  saw  through  the  set  of  guides  or  splitters,  it  is 
carried  by  a  live  roll  case  to  a  tilting  device  oppo¬ 
site  the  edger.  The  sawn  log  is  then  dropped  to  a 
conveyor  which  carries  it  to  the  edger. 

7.  As  boards  emerge  from  the  edger,  they  drop 
on  a  deck  chain  which  carries  them  to  the  trimmer. 

8.  Additional  equipment  includes  a  sawdust  con¬ 
veyer  for  carrying  off  the  dust,  as  it  falls  beneath 
the  saw,  through  a  flue  provided  for  that  purpose. 
We  also  have  a  small  pumping  system  for  circula¬ 
tion  of  water  past  the  sash  guide  slides. 

9.  Filing  equipment  is,  of  course,  a  very  impor¬ 
tant  item,  as  proper  filing  is  especially  important  in 
the  use  of  this  mill.  Our  equipment  includes  a  small 
torch  used  for  brazing,  welding  and  tensioning  saws. 
Also  included  is  an  automatic  saw  sharpener  and  a 
hammering  anvil. 

Capacity 

The  largest  factor  that  effects  the  capacity  of  the 
saw  mill  is  the  size  of  logs.  Although  the  rate  of 
feed  is  considerably  less  on  the  larger  logs,  the 
lumber  output  always  exceeds  that  from  the  smaller 
size.  I  believe  12  inches  or  14  inches  is  the  ideal 
size  for  the  mill  we  have.  The  speed  of  the  cut 
varies  from  10  feet  per  minute  in  an  18-inch  log 
to  25  feet  per  minute  in  a  6-inch  log.  We  find  that, 
including  delay  time,  our  cut  averages  about  14  feet 
per  minute.  Our  logs  average  9  inches  plus  in  di¬ 
ameter  and  our  average  cut  over  the  past  two  and 
one-half  years,  has  been  3,150  feet  per  hour.  Knotty 
or  crooked  logs  also  are  a  large  factor  in  determin¬ 
ing  the  amount  of  cut.  However,  I  believe  that  the 
gangsaw,  in  spite  of  reduced  speed,  will  give  a 
higher  output  than  any  other  type  of  mill  from  these 
less  desirable  logs  for  they  usually  reduce  the  cut  of 
any  type  mill.  In  fact  I  am  positive  that  the  small 
hardsided  pine,  so  difficult  to  saw  due  to  the  fact 
that  it  "springs”,  will  yield  accurate  lumber  only 
by  use  of  a  gangsaw. 


Generally  I  would  say  that  in  the  same  type  logs, 
the  gang  mill  will  about  double  the  cut  of  the  aver¬ 
age  size  circular  mill  when  the  same  number  of  men 
are  used.  I  believe  it  will  about  equal  the  cut  of  the 
4-foot  band  and  run  about  two-thirds  of  the  cut  of 
the  6-inch  band,  based  on  the  same  average  size  of 
log. 

Utilization 

Mr.  Milton  Applefield,  post-graduate  student  at 
the  Duke  University  School  of  Forestry,  made  quite 
an  extended  study  of  our  operation  in  connection 
with  his  thesis  and  all  the  figures  as  to  utilization 
and  yield  are  furnished  by  him. 

The  study  was  based  on  2,086  logs  cut  over  a 
period  of  11  days,  broken  down  into  one-half  day 
units.  The  log  sizes  ranged  from  6  inches  to  17 
inches  in  diameter  and  from  10  feet  to  16  feet  in 
length. 

The  following  log  sizes  were  observed  and 
tallied: 


Length  in  feet 

10 . 

No.  of 
logs 

_  .  40 

Percent  of 
Total  of 
2,086  logs 
1.92 
20.95 
23.34 
53.79 

follows: 

12 . 

.  437 

14 . 

.  487 

16 . 

_  -  -  -  1  129. 

The  breakdown  of  log 

size  by  diameter 

Dia.  Claaa  i 
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8... . 
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23.44 

9.. . 

.  401 

19.22 
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.  337 

16.15 

11 . 

.  254 

12.18 

12 . 

.  159 

7.62 

13 . 

.  123 

5.89 

14 . 

.  53 

2.54 

.77 

15 . 

.  16 

16 . 

.  2 

.10 

17 . 

.  1 

.05 

The  average  log  was  9.55  inches  in  diameter.  The 
gross  time  for  the  sawing  of  these  logs  was  49  hours 
35  minutes.  The  operating  time  was  47  hours  11 
minutes  while  delay  time  was  2  hours  24  minutes 
for  the  entire  study  period. 

These  2,086  logs  produced  119,722  F.B.M.  mill 
tally.  By  the  Scribner  log  rule  these  logs  scaled 
96,720  feet  b.m.,  showing  a  total  overrun  of  23.78 
percent.  By  the  International  One-Quarter  Inch  log 
rule  these  logs  scaled  117,035  feet  b.m.  showing  a 
total  overrun  of  2.30  percent.  By  assuming  each  log 
to  be  a  true  cylinder;  the  size  being  that  of  the  top 
diameter  inside  the  bark,  and  the  length  of  each  log, 
the  cubic  foot  volume  of  logs  was  determined  to  be 
15,983.97  cu.  ft.  The  sawn  cu.  ft.  vol.  was  found 
to  be  9,976.83  cu.  ft.  The  balance,  then,  between 
the  cu.  ft.  of  lumber  and  the  cu.  ft.  of  logs  is 
6,007.14  cu.  ft.,  which  represents  the  waste,  due  to 
conversion  from  logs  to  lumber,  of  37.58  percent. 

In  the  statistical  analysis  to  which  this  mill  was 
subjected,  all  the  principal  variable  factors  which 
influence  the  time  element  and  the  volume  of  pro¬ 
duction  were  considered  and  tested  for  significance. 
For  the  time  element  it  was  found  that  only  the 
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number  of  logs  and  the  cubic  foot  volume,  repre¬ 
sented  by  the  diameter  squared  times  the  length, 
were  significant.  Through  the  statistical  method 
known  as  regression,  a  mathematical  formula  was 
computed  to  ascertain  the  operating  time  required 
to  cut  any  log  of  any  given  dimension.  The  formula 
for  operating  time  for  this  mill  is  as  follows: 

Operating  time  =  .1036N  .000894  X  D^L. 

In  this  formula,  N  represents  one  log,  repre¬ 
sents  the  average  diameter  squared  in  inches  and  the 
L  represents  the  length  in  feet.  Thus,  by  substitut¬ 
ing  the  diameter  and  length  for  any  one  log,  the 
operating  time  can  be  ascertained. 

In  the  determination  of  a  formula  for  volume  of 
any  one  log,  it  was  found  that  only  the  cubic  foot 
content  of  logs  was  significant  and  likewise  through 
regression,  the  formula  for  volume  follows: 

Vol.  =  .040820  X  D^L 

In  this  case,  also,  the  represents  the  average 
diameter  in  inches  squared  and  L  represents  the 
length  in  feet.  Thus,  by  substituting  for  any  log, 
the  diameter  and  length  and  following  through  the 
mathematics  indicated,  the  volume  for  any  size  log 
can  be  obtained  and  this  can  be  converted  to  a  per 
feet  b.m.  basis. 

Costs 

Using  an  average  hourly  labor  rate  of  ninety  cents, 
labor  cost  per  M  will  run  from  $4.00  to  $6.00.  By 
use  of  a  "rule  of  thumb”,  this  figure  can  be  doubled 
to  give  total  sawing  cost.  Any  attempt  to  give  more 
exact  sawing  cost  may  be  confusing  because  of  the 
great  number  of  variables,  such  as  size  and  texture 
of  logs,  thickness  of  boards,  edging  method,  etc. 
One  advantage  of  the  gangsaw  is  that  there  are 
fewer  highly  skilled  men  required  and  less  is  left 
to  the  discretion  of  the  workers,  which  in  our  case 
is  usually  very  questionable.  The  filer,  of  course,  is 
the  most  highly  paid  and  most  skilled  man.  We  use 
one  filer  and  helper  for  filing  the  gang,  a  band  rip 
saw,  a  band  resaw  and  about  thirty  circular  trim 
saws.  We  consider  that  about  one-half  of  the  filers’ 
time  is  devoted  to  the  upkeep  of  the  gangsaws.  As 
to  the  cost  of  saws,  these  have  risen  more  in  pro¬ 
portion  than  other  type  saws  and  now  sell  for 
around  $18.00  each. 


As  prime  power  we  use  a  1 50  h.p.  electric  mo- 
tor.One  hund  ed  h.p.  is  recommended  by  the  manu¬ 
facturer,  but  as  is  usually  the  case,  we  did  not  find 
this  sufficient  and  have  replaced  our  original  motor. 
Other  power  required  is  for  the  smaller  motors  on 
the  log  deck,  carriage  chain,  hydraulic  pump,  water 
pump,  roll  case,  edger  and  filing  room  equipment. 

Cost  of  supplies  and  repairs  averages  about  $1.00 
per  M.  Included  in  this  item  are  replacement  of 
saws,  miscellaneous  parts,  repairs  and  replacements, 
hydraulic  oil  and  any  other  item  directly  chargeable 
to  the  machine.  Operating  overhead  averages  about 
$3.00  per  M.  Included  in  th's  item  are  one-half  of 
the  filer’s  salary,  insurance,  power,  depreciation, 
shop  expense  and  all  other  expenses  not  directly 
chargeable  to  any  single  department.  Administra¬ 
tive  overhead  is  not  included  in  the  above. 

Quality  of  Lumber 

One  of  the  most  serious  objections  of  most  peo¬ 
ple  to  round  gangsaws,  is  that  lumber  grade  recov¬ 
ery  is  sacrificed.  Of  course  this  is  true  provided  the 
grade  is  not  recovered  by  edging  or  trimming.  In 
the  case  of  low-grade  logs,  this  is  not  necessary  and, 
therefore,  there  is  not  much  doubt  that  gangsawing 
has  an  advantage  in  this  type  of  operation.  Where 
flooring  or  other  narrow  stock  is  desired,  the  output 
of  gangsaws  is  not  objectionable  either  and  the  floor¬ 
ing  strips  contain  much  edge  grain  stock. 

Conclusions 

It  would  be  impossible  to  reach  any  general  con¬ 
clusion  as  to  which  type  of  mill  is  to  be  preferred. 
The  most  important  factor  would  be  the  type  of 
business  in  which  the  owners  are  engaged.  For  in¬ 
stance,  the  mill  supplying  railroad  car  material 
would  have  very  little  use  for  a  gang  unless  the  out¬ 
put  was  sufficiently  large  that  only  the  logs  in¬ 
tended  for  boards  would  be  sawn  by  the  gang.  On 
the  other  hand,  a  mill  supplying  shed  stock  and 
mixed  cars  or  finished  flooring  and  molding  prob¬ 
ably  would  find  that  a  gangsaw  fits  nicely  into  its 
operation.  Logs,  of  course,  are  the  largest  deter¬ 
mining  factor.  It  would  be  my  opinion  that  either 
extremely  low-grade  or  extremely  high-grade  logs 
are  best  suited  to  a  gangsaw. 


Discussion 

Fred  E.  Dickinson  (Yale  University) :  Do  you 
cant  for  the  gangsaw  and,  if  so  what  is  your  polic}' 
with  reference  to  cant  thickness.^ 

Mr.  Dargan:  We  do  some  canting  for  the  gang- 
saw  although  we  believe  that  the  gang  is  most  effec¬ 
tive  on  round  logs.  The  thickness  of  our  cants  is  in 
even  inches  from  4  to  12.  Of  course,  in  making  the 
cant,  we  pull  down  to  the  knots  as  nearly  as  pos¬ 
sible. 


Robert  C.  Fraunberger  (Philco  Corporation): 
What  has  been  your  experience  on  average  Doyle 
Log  Scale  runs? 

Mr.  Dargan:  Our  experience  on  Doyle  over-run 
has  been  from  40  to  80  percent.  I  realize  this  is  a 
very  broad  figure  but  over- run  can  depend  upon 
method  of  scaling  logs,  size  of  logs,  edging  and 
trimming  of  boards,  etc. 

Mr.  Chapman  (Bethel,  Maine) :  Does  the  gang- 
saw  cut  down  on  cost  of  operation  ? 


USE  OF  GANGSAWS  IN  SOUTHERN  PINE 


35 


Mr.  Dargan:  Yes,  the  gangsaw  will  cut  down  on 
the  cost  of  operation  because  there  are  fewer  men 
in  the  crew;  except  for  the  filer,  no  highly  skilled 
workmen  are  needed;  and  the  high  rate  of  utiliza¬ 
tion  of  a  log  will  increase  the  volume  coming  from 
the  saw  and  thus  reduce  the  cost. 

Richard  A.  Hale  (R.  A.  Hale  Logging  &  Lum¬ 
ber)  :  Can  the  gangsaw  be  used  on  extremely 
crooked  logs,  such  as  New  England  pine  for  box 
boards  ? 

Mr.  Dargan:  I  think  it  could.  While  a  crooked 
log  is  hard  to  saw  efficiently  in  any  operation,  a 
gangsaw  will  yield  more  from  it,  although  much 
time  is  generally  consumed. 

/.  H.  Kraemer  (Lumber  &  Wood  Products  Divi¬ 
sion,  National  Production  Authority) :  Have  you 
made  any  studies  regarding  the  smoothness  of 
boards  from  the  gangsaw  as  compared  to  those  from 
the  typical  small  sawmill?  I  have  seen  large  per¬ 
manent  mills  in  Norway,  Sweden  and  Finland  oper¬ 
ating  gangsaws,  and  have  been  impressed  with  the 
accuracy  of  the  thicknesses  as  well  as  the  smooth¬ 
ness  of  the  surfaces. 

Mr.  Dargan:  Generally  the  surfaces  are  smoother 
with  the  gangsaw.  The  fact  that  the  European  gangs 
have  a  better  surface  can  be  accounted  for,  in  my 
opinion,  by  the  fact  that  this  sawing  is  done  at 
about  one- half  the  speed  we  use. 

Roy  B.  Peterson  (U.  S.  National  Production 
’Authority) :  Gangsawn  lumber  when  processed  on 


a  mill  in  good  mechanical  condition  and  fitted  with 
properly  conditioned  saw  blades  is  definitely 
smoother  than  lumber  produced  by  the  circular 
sawmill  method.  A  talk  was  given  on  this  subject 
at  the  Saw  Mill  Breakfast  of  the  Southern  Pine 
Association  meeting  in  New  Orleans  last  April  and 
reprinted  by  the  Southern  Lumberman  May  15, 
1951,  pages  28  and  84. 

Frank  B.  Palmer  (Palmer  Machinery  G)mpany) ; 
Compare  sash  gang  efficiency  with  circular  gangs  or 
bull  edgers. 

Mr.  Dargan:  For  permanent  installation  the  sash 
gang  is  better.  The  bull  edger  is  not  as  bad  as 
painted.  Due  to  their  extreme  accuracy  and  high 
capacity,  much  of  the  kerf  loss  can  be  tolerated. 

Mr.  Dickinson:  What  is  your  policy  with  refer¬ 
ence  to  the  use  of  the  gangsaw — to  first  slab  the 
logs  on  two  sides  with  a  band  or  circular  saw  and 
perhaps  remove  material  of  B  and  better  quality 
from  those  two  faces  before  gangsawing,  or  to 
gangsaw  the  log  without  preliminary  slabbing? 
Which  method  do  you  think  is  preferable? 

Mr.  Dargan:  Most  of  our  sawing  is  done  on 
round  logs. 

/.  V.  Anderson  (U.  S.  Forest  Service) :  Was  the 
overrun  figure  of  23.78  percent  based  on  green  tally 
or  shipping  tally. 

Mr.  Dargan:  Green  tally. 


The  Possibilities  of  Tropical  Hardwood  Production 


Robert  W,  Hess,  Associate  Professor  of  Forest  Products,  School  of  Forestry,  Yale  University 


The  successful  development  of  tropical  hatdwood  production  demands  an  understanding  of  and  aaion  on  diverse 
problems  of  weather,  transportation,  logging  methods  and  equipment,  timber  purchase,  health,  financing,  and  public  rela¬ 
tions  at  both  community  and  national  levels. 


A  FTER  more  than  a  century  of  trial  and  forty  years 
of  intermittent  preachment  we  can  look  upon 
relatively  little  in  the  way  of  large  scale  accomplish¬ 
ment  in  the  production  and  utilization  of  tropical 
hardwoods.  Since  the  turn  of  the  century  the  timber 
industry  of  the  Philippines  has  been  built  up  and 
more  recently  considerable  activity  has  developed  in 
West  Africa.  In  general,  however,  the  vast  tropical 
hardwood  forests  show  little  of  the  often  promised 
extensive  developments.  With  the  exception  of  some 
half  dozen  woods,  we  do  not  import  appreciable 

?|uantities  of  any  timber  species  we  did  not  handle 
orty  years  ago.  Hundreds  of  thousands  of  square 
miles  of  hardwood  forests,  untouched  or  cleared 
periodically  for  agriculture,  attest  to  the  general  lack 
of  forest  products  industries  in  these  regions.  The 
continued  existence  of  large  accessible  reservoirs  of 
timber  in  the  face  of  ever-increasing  demands  is  an 
anomaly  worthy  of  examination. 

The  present  status  was  not  attained  by  simple 
neglect.  Indeed  the  entire  history  of  the  problem  is 
fraught  with  political  and  commercial  intrigue,  for¬ 
tunes  made  and  lost  and,  on  occasion,  wholesale 
bloodshed.  The  traffic  in  rare  timbers  from  the  head¬ 
waters  of  the  Nile  and  that  associated  with  the 
earliest  trade  with  India  take  us  back  into  antiquity. 
Piracy  was  stimulated  by  the  enormously  valuable 
cargoes  of  logwood  from  the  West  Indies  and  Cen¬ 
tral  America  when  Spain  was  the  power  of  the 
region.  Sandalwood  exploitations  swept  Hawaii  into 
a  prominence  from  which  it  never  receded  although 
little  remains  of  the  timber  that  started  it  all.  The 
mahogany  business,  with  supplies  from  the  West 
Indies  and  Central  America  was  flourishing  in  the 
1700’s. 

More  recently  scattered  successful  ventures  have 
been  started;  some  are  thriving  today.  All  too  often, 
however,  the  culmination  has  been  in  dismal  failure. 
Occasionally  a  well  financed  and  apparently  well 
organized  attempt  is  made  to  harvest  tropical  tim¬ 
bers  on  a  grand  scale.  I  am  told  that  a  small  port¬ 
able  mill  now  operates  in  a  big  four-head-saw  plant 
built  to  cut  Nicaraguan  pine.  Little  remains  of  the 
modern  mill  and  dry-kiln  operation  that  attempted 
to  harvest  a  large  variety  of  Amazonian  timbers  a 
comparatively  few  years  ago.  A  few  rotted  timbers 


and  scattered  fragments  of  rusted  machinery  mark 
the  sites  of  numerous  similar  attempts  to  wrest  a 
profit  from  the  ubiquitous  jungle.  Hundreds  of 
other  similar  projects  died  at  or  before  birth. 

What  then  is  the  verdict?  Shall  we  continue  to 
search  in  the  farthest  reaches  of  the  Earth  for  a  few 
proven  valuable  woods  and  discount  all  others  as 
"valueless”?  Or  shall  we  ignore  the  haphazard  ex¬ 
periences  of  the  past,  set  up  "modern”  production 
plants  and  start  clear-cutting  operations  in  all  the 
tropical  regions  of  the  world?  Obviously  we  should 
do  neither,  but  if  we  carefully  analyze  all  of  the 
problems  that  confront  such  an  enterprise  and  if  we 
balance  these  against  significant  economic  changes, 
together  with  the  great  technological  advances  of 
recent  years,  it  is  not  difficult  to  point  out  existing 
locations  and  conditions  that  are  most  promising  for 
immediate  development.  We  are  reaching  the  stage 
where  new  machinery,  processes,  and  "know-how” 
make  it  more  profitable  to  mine  the  low-grade  ore 
in  large  volume  than  it  is  to  search  for  veins  and 
nuggets.  Axiomatic  is  the  need  for  careful  prelimi¬ 
nary  assay,  survey,  and  process  planning  that  pre¬ 
cedes  such  operations.  Careful  examination  of  past 
causes  of  failure  reveals  nothing  that  should  prevent 
great  expansion  of  tropical  hardwood  facilities  at 
the  present  time. 

There  are  many  reasons  for  the  failure  of  specific 
endeavors  and  their  recounting  reveals  an  amazing 
array  of  causes  including  revolutions,  political  in¬ 
trigue,  tropical  storms,  change  of  demand,  etc.  All 
too  often,  however,  the  major  basic  reasons  for  fail¬ 
ure  have  been  (1)  lack  of  detailed  technical  infor¬ 
mation  and  experience,  (2)  insufficient  planning 
and  business  sagacity,  or  (3)  inadequate  marketing. 

Production  Problems 

Weather  is  easily  the  greatest  single  problem  of 
tropical  hardwood  production.  Serious  as  it  is,  how¬ 
ever,  its  effects  have  been  exaggerated  in  many 
regions.  Often  there  are  great  differences  between 
the  climates  of  regions  less  than  a  hundred  miles 
apart  or  having  one  to  three  thousand  feet  difference 
in  elevation.  Some  of  the.se  tropical  locations  favor¬ 
ably  combine  position  with  elevation  so  as  to  pro- 
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Fig.  1. — Hauling  Possumwood  logs  in  Surinam. 


duce  what  many  claim  are  the  most  salubrious 
climatic  conditions  to  be  found  in  the  world. 

Strangely  enough  temperature  is  not  the  most 
serious  problem  in  tropical  countries.  Certain  pre¬ 
cautions  are  necessary,  particularly  with  regard  to 
salt  and  water  consumption  and  head  covering 
through  the  middle  of  the  day.  It  is  probably  true 
that  men  cannot  accomplish  as  much  in  a  day’s  work 
under  tropical  conditions  as  is  expected  in  temperate 
regions  but  much  of  this  difference  cannot  be  attrib¬ 
uted  to  heat.  Certainly  the  temperatures  are  often 
much  higher  for  short  periods  in  our  middle- 
western  corn  belt  than  they  are  in  the  tropical  rain 
forests.  The  slow-down  of  the  northerner  is,  in 
large  part,  the  result  of  unconsciously  gearing  him¬ 
self  to  the  pace  of  the  community  and  the  psycho¬ 
logically  depressing  effect  of  weather  monotony.  As 
far  as  labor  in  the  tropics  is  concerned  the  great 
depressants  are  (1)  poor  general  health  from  lack 
of  medical  and  dental  service,  (2)  serious  dietary 
deficiencies,  and  (3)  absence  of  stimulus  induced 
by  opportunity  for  income  and  desirable  goods  to 
purchase.  All  three  of  these  can  be  remedied  for  a 
small  community  by  a  timber  enterprise,  with  amaz¬ 
ingly  rapid  results.  The  thought,  effort,  and  com¬ 
paratively  small  extra  expenditure  required  would 


be  amply  repaid  in  increased  productivity,  not  to 
mention  community  strength  and  political  stability. 

The  problem  of  health  in  tropical  countries  has 
largely  been  answered  by  advances  in  medical 
knowledge,  new  drugs,  and  air  transportation.  With 
reasonable  precautions  the  physical  well-being  of 
individuals  in  tropical  countries  can  be  equal  to  that 
of  most  of  the  United  States  and  may  be  better  than 
that  of  some  smog-afflicted  cities.  Excessive  alcohol 
consumption  has  probably  broken  the  health  of  far 
more  northerners  in  the  tropics  than  has  disease. 
Mental  "health”  of  irnported  supervision  and  labor, 
particularly  through  the  rainy  season,  can  be  main¬ 
tained  by  providing  facilities  for  both  physical  and 
mental  recreation. 

Rain,  in  torrential  downpours  day  after  day  all 
through  the  long  "rainy  season,”  is  the  weather 
factor  that  stands  squarely  in  the  path  of  efficient 
operations  over  vast  areas  of  tropical  forests.^  In 
most  regions  there  is  a  "dry  season”  of  about  three 
months  during  which  precipitation  is  scattered  and 
comparatively  small  in  amount,  roads  become  hard 
and  dusty,  great  areas  of  soggy  river  flats  become 
dry  enough  to  support  trucks  and  tractors,  and  rivers 

‘  Semi-desert  regions,  although  supplying  a  few  valu¬ 
able  woods,  are  not  considered  in  this  discussion. 
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diminish  in  size  so  that  temporary  bridges  can  be 
thrown  across.  The  month  preceding  and  following 
the  dry  season  usually  has  reduced  rainfall  and  dry- 
season  operations  are  carried  on  to  a  varying  extent 
during  these  periods.  Some  regions  have  a  short, 
often  only  two  or  four  weeks,  semi-dry  period  at 
some  time  during  the  rainy  period.  A  few  regions 
have  only  one  distinct  season  with  only  minor  peri¬ 
odic  variations  in  the  distribution  of  rainfall  which 
may  total  250  inches  or  more  per  year. 

High  among  the  critical  items  of  the  tropical 
operation  is  transportation.  It  begins  with  the  log  in 
the  woods,  leads  to  the  river,  railroad  or  road; 
thence  to  the  mill  or  dock,  then  to  the  country  of 
sale.  From  many  ports  shipping  is  intermittent  or 
infrequent,  necessitating  expensive  chartering  or 
inadequate  service.  If  the  volume  of  production  is 
large  and  the  bulk  of  the  cargo  of  a  single  ship  can 
be  consigned  to  one  destination  then  this  item  can 
be  controlled  through  arrangement  with  existing 
shipping  concerns,  charter,  or  ownership.  If  the 
production  is  comparatively  small  or  is  to  be  deliv¬ 
ered  at  widely  scattered  ports  partial  dependence 
upon  tramp  freighters  or  trans-shipment  on  small 
coastwise  ships  may  be  involved.  Such  conditions 
might  necessitate  special  storage  facilities,  extra 
handling  with  attendant  loss  and  costs,  and  ques¬ 
tionable  cargo  shipment  conditions  (e.g.  humid 
holds,  bad  loading) .  The  problem  of  shipping  facil¬ 
ities  is  primarily  one  that  should  be  carefully  ana¬ 
lyzed  for  availability,  cost,  regularity,  and  type  prior 
to  the  establishment  of  the  enterprise. 

In  most  tropical  forest  areas  there  are  no  roads  in 
the  vicinity  or  even  approaching  that  part  of  the 
country.  The  northern  logger  generally  expects  to 
make  his  woods  roads  but  hopes  to  use  public  thor¬ 
oughfares  for  long  hauls.  Even  should  these  exist 
in  tropical  countries,  it  is  improbable  that  they  will 
stand  up  under  logging  trucks  during  the  rainy  sea¬ 
son  without  considerable  maintenance  work — usu¬ 
ally  by  the  logger.  Very  recently  in  several  parts  of 
the  world  logging  and  hauling  has  been  continued 
through  part,  or  even  all  of  the  wet  season.  Better 
equipment  is  partly  responsible  but  improved  tech¬ 
niques  are  aiding  the  work.  Roadways  are  cleared  to 
greater  width  to  permit  more  rapid  drying  of  the 
surface.  Roads  are  crowned,  ditched  and  occasion¬ 
ally  surfaced,  when  typically  scarce  rock  can  be 
found.  Particular  attention  is  given  to  soft  flats 
where  the  heavy  rains  saturate  the  earth,  removing 
all  support  for  the  roadway.  Deep  ditches  can  be 
used  for  drainage  if  sufficient  slope  exists  but  at 
best  it  is  a  continual  struggle  in  some  areas.  Cordu¬ 
roy  can  be  built  cheaply  but  in  addition  to  the  usual 
problem  of  continual  repair  must  be  added  the 
amazing  rate  at  which  decay  and  termites  work 
under  these  stimulating  (to  them)  conditions.  There 
are  reports  of  the  use  of  surplus  iron  landing  field 
mats  for  bad  parts  of  tropical  woods  roads  during 
the  wet  season — a  most  satisfactory  answer  if  the 
cost  is  low  enough.  Sometimes  a  pair  of  adzed 


Fig.  2. — Hand  windlass  sometimes  used  for  skidding 
heavy  logs.  Photo  by  Whitford. 


three-log  rails,  or  heavy  planks,  floating  on  numer¬ 
ous  log  crossties  will  carry  trucks  over  a  particu¬ 
larly  spongy  stretch.  When  it  is  available  on  a  short 
haul,  sand  can  be  worked  into  clay  to  improve  the 
quality  of  the  road  surface. 

There  are  many  variants,  of  course,  but  the  great 
bulk  of  all  tropical  road  materials  comprise  only 
two  types.  The  soil  of  low  flats  in  swales  and  adja¬ 
cent  to  rivers  is  usually  black  silt  with  a  high  per¬ 
centage  of  organic  matter,  capable  of  absorbing 
large  quantities  of  water.  Most  of  the  land  in  trop¬ 
ical  countries,  however,  is  a  clay  which  commonly 
becomes  reddish  on  exposure  to  the  sun.  This  clay 
differs  materially  from  the  slick  but  tenacious  mate¬ 
rial  usually  found  in  this  country.  When  dry  it  is 
hard  and  firm,  its  exposed  surface  broken  into 
numerous  small  squares.  During  a  heavy  rain  it 
absorbs  an  amazing  amount  of  the  downfall,  the 
surface  becomes  slippery  but  the  base  remains  firm. 
If  exposed  to  the  tropical  sun  it  soon  hardens  on 
the  surface  and  a  half-hour  later  it  is  possible  to 
walk  across  it  without  muddying  more  than  the 
soles  of  one’s  shoes.  Obviously  in  sheltered  places, 
depressions,  and  where  an  organic  overlay  reduces 
evaporation  the  water  content  builds  up  so  that  the 
soft  "surface”  becomes  increasingly  thick.  It  is  the 
belief  of  many  that  a  sound  knowledge  of  these  soil 
characteristics,  good  road  engineering,  improved 
equipment,  and  ingenuity  will  make  possible  the 
trucking  of  logs  out  of  tropical  forests  throughout 
most  of  the  rainy  season. 

Public  railroads  do  not  exist  or  run  only  through 
the  more  heavily  populated  areas.  Logging  railroads 
are  used  in  some  regions,  notably  the  Philippines. 
Improvised  log  cars  running  on  metal  or  wood  rails 
and  moved  by  various  power  sources  are  of  limited 
occurrence.  Cars  with  large  double-flanged  wheels 
running  on  round-pole  rails  have  been  used  to  a 
very  limited  extent.  Presumably,  rapid  deterioration 
of  rails  and  crossties  would  be  a  factor  for  the  main 
portions  of  such  a  line  but  this  could  be  greatly 
reduced  through  the  use  of  durable  woods  or  simple 
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"on  the  job”  preservative  treatments.  There  are  rapids  on  most  rivers  that  traverse  large  areas  of 

doubtless  areas  where  light  rail  equipment  of  some  tropical  rain  forest  are  situated  well  back  from  the 

kind  can  be  made  to  serve  better  than  trucks  through  coast  but  the  problem  of  by-passing  them  without 

the  wet  season.  As  with  extensive  road  systems,  excessive  handling  costs  is  still  in  need  of  ingenious 

however,  no  large  railroad  expenditures  should  be  solution.  In  all  but  a  few  rivers  it  is  feasible  to  clean 

made  without  first  having  a  detailed  timber  cruise  the  debris  from  a  channel  but  the  cutting  of  a  chan- 
and  operations  analysis.  nel  through  a  bar  at  the  mouth  is  often  a  large  and 

With  both  truck  and  rail  transportation  the  matter  perennial  task.  Unless  the  timber  operation  is  to  be 
of  bridges  is  of  paramount  importance.  Bridge  tim-  large  and  well  financed,  and  the  necessary  heavy 

bers  are  usually  abundant,  very  durable,  and  ex-  dredging  equipment  obtained  under  favorable  loan 

tremely  strong.  Unfortunately  these  same  timbers  or  rental  terms  it  probably  will  not  prove  feasible 

are  usually  very  hard  and  very  heavy  so  that  the  to  open  most  rivers.  Shallow  draft,  small  ships 

foremen  or  workmen  are  inclined  to  use  softer,  (such  as  landing  craft)  have  been  tried  on  a  number 

lighter  weight,  non-durable  woods — much  to  the  of  occasions  with  generally  poor  success.  When  all 

benefit  of  the  ever-present  fungus  and  termites.  The  conditions  are  favorable  the  mill  or  ocean  ship  load- 

enormous  increase  in  size  of  many  rivers  during  the  ing  point  may  be  located  at  a  developed  harbor  some 

rainy  season  poses  a  problem,  even  for  bridges  to  be  distance  away  along  the  coast,  an  arrangement  which 

used  only  during  the  dry  season.  Often  the  bridge  sometimes  can  be  made  to  solve  economically  the 

is  built  as  short  as  possible  with  the  result  that  not  two-fold  problem  of  a  bar  at  the  river  mouth  and 

only  the  bridge  but  the  approaches  as  well  are  taken  lack  of  port-of-call  facilities  for  shipping, 

out  by  the  high  water  of  the  following  season.  River  driving  is  practiced  extensively  with  vary- 

Transport  by  water  is  still  a  cheap  means  of  mov-  ing  results.  It  is  a  cheap  way  of  moving  large  quan- 

ing  logs  and  lumber  and  the  numerous  large  rivers  tities  of  logs  and  water  storage  is  a  partial  protec- 

that  characterize  many  of  the  extensive  undeveloped  tion  against  insect  damage,  stain,  and  splitting, 

tropical  rain  forest  areas  often  appear  to  be  the  Logs  are  cut  during  the  dry  season  and  hauled  to 

answer  to  the  main  transportation  problem.  Unfor-  the  river  bank  or  to  a  basin  in  the  river  where  they 

tunately  these  are  usually  totally  unimproved  water-  await  the  first  high  water  of  the  wet  season.  Logs 

ways  and  a  discouraging  number  have  huge  sand  of  dense-wooded  species  or  others  that  are  likely  to 

bars  at  their  mouths,  rapids  block  some  at  varying  become  sinkers  are  lashed  with  vines  to  low  density 

distances  from  the  coast,  and  some  are  clogged  with  logs.  With  well  behaved  rivers  the  drive  may  have 

huge  trees  and  other  debris  that  accompanies  exces-  few  untoward  incidents  but  it  is  not  unusual  for 

sive  floods  off  some  watersheds.  Fortunately  the  torrential  downpours  to  spill  a  tropical  river  over 
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its  banks  to  flood  miles  of  adjacent  land,  leaving 
some  logs  stranded  deep  in  the  forest  and  carrying 
others  uncontrollably  out  to  sea.  Concommitant  with 
this  risk  is  the  deterioration  of  logs  lying  on  the 
river  bank  awaiting  the  drive  and  of  the  exposed 
portions  of  floating  logs.  However,  if  logging  is 
being  done  only  during  the  dry  season  this  deteri¬ 
oration  need  be  no  more  than  that  attendant  to  other 
types  of  transport — provided  proper  control  meas¬ 
ures  are  taken. 

Any  discussion  of  transportation  is  incomplete 
without  mention  of  air  travel,  particularly  as  it 
applies  to  personnel.  Numerous  feeder  airlines  to 
out-of-the-way  communities  and  private  airfields  for 
small  planes  have  opened  the  tropical  frontier  to 
movement  undreamed  of  a  few  years  ago.  Unques¬ 
tionably  work  in  back-woods  camps  will  be  more 
appealing  henceforth  to  skilled  lalwr  and  technical 
personnel  alike. 

Logging  methods  vary  appreciably  in  different 
forest  types,  terrain,  and  countries.  Faced  with  many 
unusual  problems  one  would  expect  to  find  in  trop¬ 
ical  forests  many  interesting  developments  in  this 
important  phase  of  the  industry.  Unfortunately  such 
has  not  been  the  case.  The  unique  forests  of  the 
Philippines  permitted  the  use  of  the  West  Coast’s 
high  lead  system  and  heavy  tractors  are  now  com¬ 
monplace  there  and  in  the  mahogany  camps  of 
Central  America  and  Africa.  Tractors  and  trucks  are 
working  in  many  localities  but  in  a  great  many 
places  logs  are  still  rolled  or  dragged  by  man-power 
to  the  river.  Versions  of  the  old  man-powered 
Spanish  windlass  are  still  used  for  extra  heavy  logs. 
Oxen  and  buffalo  are  used  in  comparatively  few 
scattered  areas.  Crude  or  inadequate  versions  of 
high  wheels  are  sometimes  usea  to  increase  the 
capacity  of  typically  under-powered  tractors  or 
trucks.  Towing  winches  on  tractors  are  used  for 
bunching  and  skidding  to  a  limited  extent  but  are 
probably  used  more  for  rescuing  tractors  and  trucks 
t>ogged  down  in  mud.  Extra  wide  treads  are  occa¬ 
sionally  noted  on  crawler  type  tractors  and  a  few 
concerns  have  superb  trucks  with  powered  tandem 
rear  axles  or  front  and  rear  wheel  drives,  but  gen¬ 
erally  the  mechanical  equipment  is  not  especially 
adapted  to  the  conditions  under  which  it  will  be 
used.  Improved  equipment  and  methods  must  be 
devised  for  the  job  at  hand  if  logs  are  to  be  brought 
out  of  the  tropical  rain  forests  at  a  reasonable  cost 
during  the  wet  season. 

Felling  of  trees  and  bucking  of  logs  may  present 
a  considerable  problem.  Splits, ,  broomed  ends,  and 
cross-breaks  attest  to  the  bad  felling  practices  of 
many  regions.  The  axmanship  of  native  loggers  may 
be  excellent  or  very  poor.  Commonly  the  men  are 
trained  not  only  to  cut  the  tree  down  but  to  chop 
it  to  length  as  well.  Often  it  is  then  squared  with 
an  ax  and,  in  some  localities,  is  also  given  a  boat¬ 
shaped  nose  and  has  a  hole  bored  through  for  fas¬ 
tening  the  skidding  chain !  In  many  areas  there  is  a 
complete  lack  of  familiarity  with  the  cross-cut  saw. 


It  is  probable  that  it  would  be  easier  to  teach  good 
log  bucking  with  a  power  chain-saw  than  with  the 
two-man  cross-cut  saw. 

The  question  of  machine  and  equipment  size  has 
an  important  bearing  upon  the  size  and  production 
rate  of  the  operation,  and  the  investment  required. 
In  tropical  forests  it  is  not  always  easy  to  arrive  at 
a  decision  on  this  problem  because  of  the  variation 
found  in  many  of  the  stands.  Such  woods  as 
mahogany,  cedro  (Spanish  cedar),  sapele,  guana- 
caste,  mora,  kpendei,  and  others  frequently  exceed 
six  feet  in  diameter  but  it  would  not  be  unusual  to 
find  that  the  bulk  of  the  logs  being  handled  ranged 
from  20  to  48  inches  in  diameter.  Large  size  tractors 
and  trucks  needed  for  the  big  logs  can  be  made  to 
pay  their  way  with  larger  loads  of  smaller  logs  but 
the  sawmill  or  veneer  lathe  must  produce  econom¬ 
ically  from  the  bulk  of  material  handled  regardless 
of  the  value  of  very  large  logs.  Probably  the  best 
method  of  producing  lumber  from  many  tropical 
forests  is  through  the  use  of  a  bandsaw  large  enough 
to  handle  the  largest  logs.  A  large  circular  mill  with 
an  overhead  saw  will  handle  large  logs  with  fewer 
skilled  workmen  and  a  lower  investment  than  the 
band  sawmill  and  is  generally  preferred  for  most 
tropical  operations.  However,  it  will  piroduce  much 
less  per  day,  has  a  lower  recovery  from  the  log,  and 
generally  produces  less  accurately  sawn  lumber  than 
a  bandsaw.  The  question  of  size  of  equipment 
applies  to  other  mill  items  as  well.  For  example,  if 
the  planer  and  a  market  are  available  it  may  well 
prove  feasible  to  produce  long  boards  up  to  36 
inches  wide  for  counter  tops,  table  tops,  pattern 
stock,  church  seats,  or  other  specialty  items.  A 
veneer  lathe  capable  of  handling  logs  six  feet  in 
.diameter  is  an  expensive  piece  of  equipment  for  use 
where  logs  infrequently  exceed  48  inches,  but  big 
logs  contain  large  volumes  of  very  high  grade 
veneer.  In  general,  the  problem  is  one  of  ascertain¬ 
ing  as  accurately  as  possible  the  sizes  and  quantities 
of  the  available  logs,  and  both  the  quantity  and  the 
relative  value  of  large  diameter  logs.  From  these 
data  the  decisions  as  to  equipment  size  can  be  made. 

Deterioration  of  equipment  is  extremely  rapid  in 
tropical  regions.  Fortunately  a  great  deal  of  infor¬ 
mation  has  been  accumulated  during  the  last  10 
years  so  that  machinery  companies,  oil  companies 
and  others  can  supply  especially  prepared  products. 
Of  particular  importance  are  shafting,  gears,  cutting 
steels,  and  electrical  equipment  of  all  kinds.  Where 
it  is  not  feasible  to  provide  corrosion  resistant  metals 
excellent  oil-like  rust  preventives  are  available  and 
satisfactory  if  applied  to  clean,  dry  surfaces  at  the 
end  of  each  working  day. 

Building  deterioration  is  of  such  importance  that 
much  of  the  construction  in  the  tropics  is  either  of 
concrete  or  mortar  and  tile,  with  most  wood  con¬ 
struction  considered  "temporary.”  Durable  posts  and 
timbers  with  the  ever-present  corrugated  iron  are 
used  for  many  factory  buildings.  Treated  lumber 
and  timbers  would  be  an  excellent  solution  but  these 
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Fig.  4. — Lauan  forest,  Philippines. 


are  seldom  available.  Concrete  floors  are  considered 
necessary  in  most  factories  and  concrete  posts  with 
steel  cross-rails  are  the  surest  means  of  keeping 
avaricious  tropical  termites  out  of  the  air-seasoning 
piles. 

Log  and  product  deterioration  is  a  very  large 
item,  and  one  which  is  not  given  proper  attention 
even  in  this  country.  Logs  of  many  species  suffer 
severe  insect  damage  after  prolonged  exposure  with 
the  bark  on  and  most  logs  will  end-split  badly  if 
unprotected  for  considerable  periods.  Light-colored 
woods  such  as  limba,  samba,  aceituna,  and  cativo 
will  stain  severely  and  suffer  insect  attack  after  very 
short  periods  of  exposure.  Good  chemical  treatments 
and  end  coating  should  keep  the  logs  insect  free  for 
six  to  twelve  weeks  and  should  greatly  retard  stain¬ 
ing.  Proper  control  measures,  manufacturing  and 
seasoning  methods,  and  rapid  handling  will  give  a 
high  yield  of  clear,  stain-free  stock.  Obviously  the 
more  perishable  light-colored  woods  must  be  logged 
during  the  wet  season  if  a  continuous  supply  of 
bright  material  is  required. 

During  the  dry  period  the  seasoning  and  storage 
of  lumber  and  veneer  does  not  differ  materially  from 
similar  operations  in  this  country.  During  the  rainy 
season  high  humidities  and  excessive  rainfall  impose 
limitations  and  special  problems.  Air-seasoning  piles 
require  large,  tight  roofs,  considerable  pitch  and 
slope,  good  ventilation  under  and  between  piles, 
and  thick  stickers  that  are  either  stain  resistant  wood 
or  have  been  chemically  treated.  Even  with  these 
precautions  drying  will  be  slow  in  some  regions  and 
require  a  dry  season  to  bring  the  material  to  less 


than  25  percent  moisture  content.  There  are  fewer 
difficulties  in  connection  with  kiln  drying,  regard¬ 
less  of  outside  humidity  conditions.  In  periods  of 
high  humidity  exposed  veneers  approach  a  stabilized 
condition  near  20  percent  in  a  few  hours  after  leav¬ 
ing  the  drier;  lumber  regains  moisture  in  a  similar 
but  much  slower  manner.  These  conditions  may 
limit  the  lowest  moisture  content  at  which  exported 
materials  may  be  landed,  depending  upon  frequency 
and  conditions  of  shipment,  but  they  need  not  inter¬ 
fere  with  a  well-planned  production. 

Management  Problems 

The  locating  of  a  suitable  tropical  hardwood  traa 
has  more  often  been  achieved  through  chance  than 
by  an  organized  search.  Tropical  countries  abound 
with  tales  of  vast  areas  in  which  all  trees  are  giants 
and  as  close  as  pickets  on  a  fence.  If  these  stories 
are  methodically  sought  out  and  one  does  not  be¬ 
come  discouraged  by  innumerable  fruitless  trips  into 
the*  forests,  an  occasional  valuable  tract  will  be 
found.  All  too  often,  however,  the  story  has  been 
embellished  with  re-telling  and  frequently  can  be 
traced  back  to  the  grandfather  of  the  present 
owner — neither  of  whom  ever  visited  the  interior 
of  the  property.  Three  general  approaches  may  be 
used  to  find  a  favorable  location  for  tropical  opera¬ 
tions.  The  first  involves  the  selection  of  a  particular 
species  of  wood  and  the  search  for  profitable  stands 
of  this  species  within  its  range  of  distribution.  Such 
is  the  means  of  establishing  an  operation  in  mahog¬ 
any,  cocobolo,  rosewood,  limba,  ocote  pine,  or  Phil¬ 
ippine  mahogany.  The  second  method  is  to  locate 
tracts  of  timber  carrying  large  quantities  of  good- 
sized  trees  and  then  to  determine  its  potentialities 
from  the  standpoint  of  its  wood  and  business  as¬ 
pects.  The  third  method  is  to  locate  a  region,  coun¬ 
try,  and  finally  a  site  which  is  in  a  suitable  forested 
area  and  yet  offers  favorable  advantages  from  the 
standpoint  of  shipping,  local  markets,  labor,  and 
political  situation.  There  is  no  best  method  and  the 
final  analysis  should  weigh  the  desires  and  experi¬ 
ence  of  the  operating  group.  If  they  can  produce 
timber  cheaply  under  frontier  conditions  but  do  not 
have  an  excellent  selling  arrangement  then  they 
should  follow  the  first  approach,  producing  a  wood 
which  has  an  established  market.  If  their  primary 
interest  is  to  obtain  several  good  woods  in  volume 
at  low  cost  and  marketing  is  not  a  major  problem, 
the  second  suggestion  can  be  used.  Finally,  if  the 
plan  is  to  set  up  a  permanent  industry  that  will 
utilize  a  considerable  number  of  woods  and  expand 
to  produce  a  variety  of  products  for  local  use  as 
well  as  export,  the  third  approach  will  usually 
prove  most  feasible. 

Although  most  tropical  forests  are  mixtures  of 
species,  there  are  certain  areas  in  which  50  to  90 
percent  of  the  volume  is  of  one  species  or  is  com¬ 
posed  of  closely  related  species.  Among  these  are 
the  San  Juan,  cedro  macho,  roble,  cativo,  orey,  mora, 
greenheart,  mangrove,  "supucaias”  and  wallaba  of 
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the  Americas;  otabo,  ekki,  okoume,  corkwood, 
limba,  and  others  of  West  Africa;  and  the  omni¬ 
present  dipterocarps  of  Malaya,  the  Philippines,  and 
the  southwest  Pacific  islands.  In  most  regions  large 
areas  can  be  found  in  which  a  single  group  of  spe¬ 
cies  predominates.  The  major  consideration  is  the 
harvesting  of  as  large  a  volume  (number  of  spe¬ 
cies)  as  possible  per  acre  so  as  to  spread  the  fixed 
costs  of  logging.  This  general  philosophy  is  dis¬ 
puted  in  practice  in  the  case  of  certain  high  value 
timbers  logged  during  a  very  short  period  of  time 
each  year,  in  which  the  comparatively  large  profit 
per  tree  is  expected  to  cover  the  rapidly  depreciated 
investment,  and  where  the  taking  of  lower  value 
species  would  only  reduce  the  volume  of  higher 
value  trees  extracted. 

Timber  supplies  are  generally  available  on  three 
different  bases  in  tropical  countries.  The  first  and 
best  known  is  the  concession  obtained  from  the  gov¬ 
ernment.  Briefly  this  amounts  to  a  license  to  operate 
a  certain  area  of  government-owned  timber  land 
over  a  given  period  of  time  and  usually  involves  an 
initial  payment  plus  a  fee  per  thousand  board  feet 
or  per  tree  for  the  material  removed.  The  second 
basis  is  the  outright  ownership  of  a  tract  of  tim- 
berland.  Large  holdings  are  available  in  many  coun¬ 
tries  for  purchase  or  in  exchange  for  company  stock. 
A  third  method  of  supply  has  many  ramifications  but 
typically  involves  purchase  from  owners  on  a  con¬ 
tract  basis  or  purchase  from  people  operating  on 
government  land  which  they  have  under  concession. 
Of  these  three  forms,  the  first  two  offer  the  greatest 
assurance  of  continued  supply,  the  second  is  the 
safest  from  the  standpoint  of  governmental  inter¬ 
ference,  and  the  third  may  yield  the  cheapest  logs. 

In  most  countries  there  are  a  number  of  indi¬ 
viduals  who  offer  their  services  as  "contract  log¬ 
gers.”  These  men  usually  have  a  small  amount  of 
poor  equipment  and  a  number  of  men  they  can 
obtain  on  short  notice  to  make  up  a  woods  crew. 
Usually  they  require  an  advance  for  supplies,  re¬ 
pairs,  and  purchase  of  additional  equipment.  Heavy 
equipment  that  is  needed  will  be  purchased  with  the 
advance  or  by  the  buyer  who  will  deduct  a  portion 
or  all  of  the  purchase  price  from  the  value  of  logs 
delivered.  With  a  few  exceptions  these  contract  log¬ 
gers  work  on  too  small  a  margin  with  poor  equip¬ 
ment  and  often  they  are  poor  managers  as  well. 
Thus  the  usual  procedure  involves  additional  ad¬ 
vances  during  the  logging  season  and  final  upward 
adjustment  of  the  scale  of  payment  at  the  end  of  the 
season.  The  experienced  buyer  knows  his  logger  and 
the  timber  to  be  logged  and  makes  his  own  estimate 
of  the  final  cost  which  may  differ  materially  from 
that  of  the  original  agreed-upon  price.  The  unsat¬ 
isfactory  results  of  this  system  have  caused  many 
concerns  to  do  their  own  logging  wholly  or  in  part. 

There  is  an  anomalous  individual  in  most  trop¬ 
ical  countries  who  might  best  be  given  the  title  of 
"free  lance  log  buyer.”  In  cities  and  in  other  coun¬ 
tries  his  small  advertisements  and  large  letterheads 


imply  that  he  is  a  bona  fide  timber  producer.  Armed 
with  an  order  he  will  attempt  to  obtain  the  logs  by 
purchase  through  small  local  sources,  sub-contract 
to  a  logger,  or  pass  the  word  out  to  a  considerable 
number  of  individuals  living  in  the  hills  and  forests 
who  will  in  turn  bring  in  from  one  to  several  logs 
each.  Such  operators  may  do  a  service  in  accumulat¬ 
ing  supplies  of  widely  scattered  very  rare  woods  but 
their  record  of  past  activities,  studded  with  failures 
to  deliver  the  correct  timber  in  good  condition,  has 
been  responsible  for  much  of  the  discouraging  his¬ 
tory  of  tropical  woods  utilization. 

The  question  of  partial  manufacture  near  the 
source  of  the  timber  as  opposed  to  the  importation 
of  logs  for  manufacture  in  this  country  is  worthy 
of  very  careful  analysis.  High  U.  S.  labor  costs,  ever 
increasing  freight  rates,  and  the  encouragement  of 
governments  makes  foreign  manufacturing  a  more 
promising  enterprise  now  than  it  did  a  few  years 
ago.  Manufacture  near  the  source  permits  utilization 
of  lower  quality  logs  and  closer  selection  of  high- 
quality  product  for  export.  Shipping  costs  of  usable 
material  are  much  less,  as  for  example:  A  30-inch 
by  l6-foot  log  of  wood  having  the  density  of  yel¬ 
low  poplar  will  yield  about  675  bd.  ft.  of  air-dr)' 
lumber  weighing  approximately  1600  pounds.  The 
green  log  at  a  moisture  content  of  90  percent  would 
weigh  a  ton  more  than  this.  At  a  $l6-freight  rate 
it  would  be  necessary  to  add  $24  per  M  cost  for 
"nothing.”  Further  advantages  would  accrue  from 
the  dropping  of  trim  ends,  material  degraded  in 
seasoning,  elimination  of  defects  hidden  in  the  log, 
and  reduction  of  degrade  in  transit.  More  favorable 
treatment  in  matters  of  taxes  and  concessions  is 
generally  extended  by  foreign  governments  to  estab¬ 
lished  manufacturers  in  preference  to  log  exporters. 
The  working  off  of  part  of  the  manufacturing  costs 
where  labor  and  taxes  are  less  is  an  important 


Fig.  5. — Bucking  a  Lauan  log. 
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method  of  overcoming  the  added  freight  and  han¬ 
dling  costs  of  tropical  woods. 

She  of  operation  is  a  critical  factor  that  is  diffi¬ 
cult  to  analyze  precisely.  There  are  often  many  good 
reasons  for  starting  small  and  expanding  later,  in¬ 
cluding  a  limited  local  supply  of  trained  men,  poorly 
developed  transportation  facilities,  inadequate  asso¬ 
ciated  industries  and  businesses  (food  stuffs,  ma¬ 
chine  shop,  hardware,  etc.),  lack  of  water  and  sani¬ 
tation  facilities,  and  other  deficiencies  peculiar  to 
the  particular  area.  Often,  however,  the  large  sizes 
of  the  timber  to  be  handled  require  heavy  equipment 
which  in  turn  must  produce  considerable  volume  to 
pay  for  itself,  leading  inevitably  to  a  larger  mill  set¬ 
up.  A  working  compromise  can  be  achieved  by 
planning  a  medium  to  rather  large  operation  in  de¬ 
tail  and  then  eliminating  all  but  the  smallest  pos¬ 
sible  number  of  most  essential  items.  With  some 
adjustments  the  resulting  logging  or  milling  set-up 
can  be  classed  as  a  rather  small  operation  with 
equipment  capable  of  handling  large  logs  and  so 
constituted  that  expansion  can  be  undertaken  with¬ 
out  costly  changes.  In  this  initial  phase  there  should 
be  no  compromise  with  quality  nor  with  the  mini¬ 
mum  size  of  equipment  needed  for  efficient  opera¬ 
tion.  In  certain  remote  locations  the  productive 
capacity  of  the  operations  must  be  great  enough  to 
furnish  regular  shipments  of  sufficient  volume  to 
establish  it  as  a  port  of  call  or  to  make  up  regular 
•  charter  shipments. 

In  the  final  reckoning  the  quality  of  supervision 
will  dictate  the  degree  of  success  of  the  tropical 
timber  enterprise.  Excellent  supervision  during  the 
formative  period  is  essential  to  start  the  operation 
and  to  build  a  good  working  force.  Skilled  labor 
will  be  scarce  and  high  priced  and  it  requires 
patience  and  understanding  as  well  as  competence  to 
train  workmen.  Insofar  as  is  possible,  all  super¬ 
visory  men  on  the  operation  should  be  gifted  with 
the  ability  to  do  many  different  things  in  addition 
to  their  major  task. 

Technical  information  and  control  are  a  natural 
part  of  all  modern  business  and  nowhere  in  the 
wood  industry  is  it  more  essential  than  among  the 
multitudinous  problems  confronting  a  tropical  op¬ 
eration.  Three  general  types  of  technical  ''know¬ 
how”  may  be  required  to  establish  a  new  enterprise. 
To  obtain  information  on  the  amount,  kinds,  and 
distribution  of  timber,  and  for  the  making  of  maps 
and  laying  out  of  roads  a  forester  may  be  employed. 
Certain  of  this  information  is  required  before  the 
selection  or  purchase  of  land  or  timber  concession 
although  it  is  an  amazing  truth  that  many  other¬ 
wise  sagacious  businessmen  have  not  only  spent 
large  sums  of  money  on  unexamined  concessions 
but  have  also  bought  machinery  and  built  expensive 
roads  with  which  to  bring  out  the  non-existing  tim¬ 
ber.  Such  predicaments  stem  from  unwillingness  to 
make  a  proper  examination  or  timber  cruise,  or  from 
incompetence  of  employees.  The  second  typ^  of 
technical  information  is  that  related  to  logging  and 


which  permits  taking  full  advantage  of  the  many 
recently  developed  devices  and  methods  of  han¬ 
dling  logs  more  efficiently.  The  third  area  of  re¬ 
quired  technical  information  and  control  is  in  the 
manufacturing  plant  where  special  saws,  deteriora¬ 
tion  control  treatments,  seasoning  practices  and 
moisture  control,  special  handling  methods,  new 
products,  etc.  should  be  used  to  solve  the  many 
problems  peculiar  to  tropical  woods  and  to  keep  the 
operation  abreast  of  modern  practice.  The  personnel 
for  these  tasks  may  be  especially  hired  for  each 
phase,  may  be  a  single  man,  or  may  be  part  of  the 
regular  production-supervisory  staff.  It  is  essential, 
however,  to  realize  that  the  technical  aspects  of 
operations  under  tropical  conditions  can  easily  mean 
the  difference  between  failure  and  highly  profitable 
operation. 

An  unusually  large  amount  of  careful  planning 
is  necessary  in  an  operation  of  such  complexity. 
Part  of  this  is  done  in  connection  with  the  prelim¬ 
inary  survey  and  business  decisions  but  analysis  of 
details  should  follow  the  initial  phase.  The  laying 
out  of  cutting  areas  to  fit  the  seasonal  logging  con¬ 
ditions  as  well  as  the  production  schedule  of  vol¬ 
umes  for  each  kind  of  timber,  quantity  and  kinds  of 
saw  teeth  required,  provisions  for  repairs,  schedul¬ 
ing  of  production  and  shipping  space,  stain  and  in¬ 
sect  control  measures,  anti-malarial  pills  for  the 
workmen,  the  amount  of  moisture  pick-up  between 
drying  and  shipping  in  different  seasons,  the  setting 
up  of  books  and  cost  control  records,  shipment  and 
installation  of  heavy  machinerj',  and  housing  for 
supervisory  personnel  and  skilled  labor  are  but  a 
random  few  of  the  items  that  must  be  represented 
in  a  well-ordered  working  plan.  That  such  organi¬ 
zation  and  planning  is  necessary  may  appear  obvious 
but  careful  analysis  of  past  abortive  attempts  to 
establish  successful  tropical  timber  operations  will 
almost  invariably  show  failure  to  consider  all  in¬ 
fluencing  items  and  the  lack  of  a  complete  plan  of 
action. 

Local  public  relations  have  come  to  be  of  utmost 
importance  to  a  successful  business  venture  in  trop¬ 
ical  countries.  No  matter  how  much  encouragement 
was  given  to  the  establishment  of  the  venture  ini¬ 
tially  the  company  and  its  owners  remain  "foreign” 
to  the  people.  While  this  stigma  and  its  associated 
handicaps  can  never  be  completely  eliminated  much 
can  be  done  to  remove  its  troublesome  aspects.  It 
first  must  be  recognized  that  operations  in  tropical 
countries,  regardless  of  location,  have  many  or  all 
of  the  problems  of  frontier  conditions.  For  a  suc¬ 
cessful,  long-term  operation,  a  portion  of  the 
amount  from  the  lower  wages  must  be  re-invested  in 
the  development  of  better  living  conditions  for 
labor  and  the  community.  The  extent  of  such  work 
that  is  undertaken  will  vary  with  the  location,  size, 
type,  and  permanence  of  the  operation  but  even  the 
smallest  log  contracting  job  in  a  remote  jungle  area 
should  conduct  certain  phases,  either  directly  or  in¬ 
directly.  The  wage  scale  should  be  adjusted  so  that 
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a  decent  living  is  possible  for  the  man  and  his  fam¬ 
ily.  This  will  probably  be  above  that  paid  by  local 
industry  and  may  cause  complications  but  the  work 
return  from  the  individual  will  become  increasingly 
greater  as  his  diet  improves.  A  free  or  very  low  cost 
health  service  for  the  workman  and  his  family  will 
pay  dividends  in  work  output  and  good  will.  In 
some  areas  the  company  may  have  to  improve  the 
water  and  sanitary  facilities  of  the  community  on  its 
own  initiative  and  at  its  own  expense.  Participation 
in  school  improvement  programs  will  be  greatly  ap¬ 
preciated  locally.  Often  it  will  be  necessary  to  im¬ 
prove  the  local  source  of  food,  clothes,  general  mer¬ 
chandise  (and  eventually  recreation)  through  a 
company  store  or,  preferably,  through  the  encour¬ 
agement  of  locally  owned  stores.  Similar  assistance 
will  quickly  improve  the  quantity  and  quality  of 
locally  produced  food  stuffs  of  all  kinds.  An  estab¬ 
lished  mill  should  also  help  local  trades  and  their 
shops,  not  only  for  community  good  will  but  also 
because  such  skilled  labor  need  not  be  carried  on 
the  mill  payroll.  It  is  also  a  good  plan  to  encourage 
small  associated  wood  industries  that  can  produce 
specialty  items  or  completely  manufactured  goods 
for  local  consumption.  The  sponsorship  or  encour¬ 
agement  of  needed  industry  other  than  wood-using 
is  a  long  step  but,  like  the  preceding,  will  probably 
do  more  permanent  good  for  the  community  and 
bring  greater  indirect  returns  to  the  parent  company 
than  will  outright  gifts.  An  industry  that*  intends 
to  go  into  the  tropics  on  a  long-time  basis  must  rule 
out  pure  exploitation  of  resources  and  people;  it 
must  build  its  own  strength,  permanence,  and  secu¬ 
rity  by  welding  a  community  of  native  people  into 
its  economic  fabric.  This  requires  planning  and 
vision  beyond  that  needed  for  a  similar  operation  in 
the  United  States. 

Local  political  relations,  both  real  and  imaginary, 
comprise  one  of  the  greatest  deterrents  to  invest¬ 
ment  in  tropical  timber  enterprises.  The  specter  of 
revolution,  expropriation,  special  taxes,  and  other 
politically  sponsored  machination  is  ever  present. 
However,  with  a  few  notable  exceptions  the  resent¬ 
ment  against  foreign  business  has  in  most  countries 
been  replaced  by  a  respect  for  the  benefits  derived 
from  the  established  industries.  If  the  management 
has  scrupulously  avoided  political  entanglement  the 
business  can  continue  without  interruption  after,  and 
usually  during,  the  political  "revolution.”-  The  vari¬ 
ous  elements  of  the  public  relations  program  out¬ 
lined  in  the  preceding  paragraph  offer  the  soundest 
means  of  securing  public  support  and  thus,  freedom 
from  political  interference.  In  all  countries  there 
are  educated,  honest,  and  competent  men  who  can 
be  hired  for  various  positions  of  responsibility  and 
who,  along  with  a  benefited  labor  group,  can  do 
much  to  counteract  any  political  opposition.  Men  of 
influence  who  are  not  involved  in  politics  can  be 


®  It  should  be  recognized  that  most  Central  and  South 
American  revolutions  are  enormously  exaggerated  in  our 
newspapers. 


found  in  every  country  and  if  taken  in  as  stock¬ 
holders,  directors,  or  as  suppliers  of  timber  under 
contract,  can  help  bring  immunity  to  political  in¬ 
trigue.  In  most  countries  today,  it  is  not  necessary 
to  go  to  great  lengths  to  protect  a  well  managed 
progressive  industry  from  governmental  influence. 

Taxes  are  low  in  most  tropical  countries  and  even 
these  may  be  reduced  considerably  by  agreement 
prior  to  the  initiation  of  a  new  enterprise.  It  is 
wrong  both  socially  and  for  the  future  security  of 
the  operation  to  take  advantage  of  this  situation. 
A  successful  business  should  pay  its  full  share  of 
the  taxes  in  the  country  in  which  it  is  located  and 
evasion,  even  through  well  meant  earlier  agree¬ 
ments,  leaves  the  concern  vulnerable  to  political 
condemnation  or  pressure.  Perhaps  the  best  basis 
for  tax  relief  during  the  formative  period  is  one 
that  is  scaled  from  zero  to  one  hundred  percent 
over  a  period  of  years.  Where  the  tax  is  ridiculously 
low,  a  profitable  operation  would  do  well  to 
strengthen  its  position  in  the  community  through 
voluntary  support  of  schools,  road  building,  public 
health  programs,  or  libraries.  One  firm  in  Costa 
Rica  claims  to  spend  $1.00  per  M.  bd.  ft.  for  such 
work.  The  purchase  of  local  good  will  and  the 
attendant  protection  from  political  and  political- 
economic  pressure  is  well  worth  such  expenditures, 
made  in  lieu  of  higher  taxes.  The  low  income  taxes 
of  these  countries  offer  one  of  the  strongest  attrac- 


Fig.  6. — Forest  in  Eastern  Nicaragua  containing  high 
percentages  of  Maria  and  Com^  Negro  trees. 
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tions  to  the  investment  in  and  establishment  of  such 
enterprises.  They  offer  a  strong  inducement  to 
technical  and  production  personnel,  also. 

The  financing  of  an  enterprise  is  a  business  prob¬ 
lem  and  there  is  no  substitute  for  business  sagacity 
in  an  operation  with  as  many  complicating  features 
as  the  one  we  have  under  consideration.  Strangely 
enough  there  appears  to  be  an  exotic  appeal  to  trop¬ 
ical  investments,  or  perhaps  it  is  the  overpowering 
lure  of  three  billion  acres  of  timber  awaiting  the  ax, 
which  causes  otherwise  cautious  businessmen  to  lay 
aside  their  hard-earned  acumen  and  to  assume  that 
degrees  of  latitude  bring  about  changes  in  economic 
principles.  Regardless  of  cause,  the  disproportion¬ 
ately  large  number  of  losses  engendered  by  poorly 
planned  and  conducted  operations  has  caused  many 
investors  to  be  wary.  Experienced  wood-industrialists 
who  have  sales  or  wood-use  connections,  and  who 
have  carefully  gathered  all  of  the  necessary  facts, 
examined  the  proposed  set-up,  convinced  themselves 
of  its  soundness,  can  make  a  success  of  tropical 
timber  production  today.  The  advantages  of  includ¬ 
ing  individuals  of  the  country  of  operation  among 
the  major  investors  should  not  be  minimized,  for 
while  they  often  contribute  little  to  the  conduct  of 
the  business  they  can  supply  much  local  information 
and  stability.  Perhaps  the  U.  S.  government  will 
interest  itself  in  a  practical  approach  to  the  indus¬ 
trial  development  of  one  of  Latin  America’s  few 
great  resources.  A  philanthropic  group  could  make 
no  more  effective  demonstration  of  the  establish¬ 
ment  of  economic  prosperity  than  by  simultaneously 
developing  integrated  tropical  wood  utilization  units 
and  agriculture  in  the  same  general  area. 

Marketing  Problems 

Nothing  among  the  many  points  discussed  is 
more  essential  to  the  success  of  an  operation  than 
good  marketing.  The  obstacles  to  the  introduction 
and  establishment  of  a  tropical  wood  on  the  U.  S. 
market  are  largely  a  product  of  bad  practices  and 
unfortunate  experience  in  the  past.  The  first  step  is 
to  establish  a  consistent  supply  of  wood,  true  to 
name,  of  the  quality  stated,  in  good  condition,  and 
at  a  competitive  price.  While  ability  to  "deliver  on 
order”  and  "guarantee  of  product”  are  taken  for 
granted  in  most  of  our  merchandising,  there  are  a 
great  many  individuals  and  companies  anxious  to 
produce  and  sell  tropical  timbers  who  are  not  in  a 
position  to  meet  the  requirements.  Obviously  a 
producer  must  have  an  organization  that  can  ad¬ 
vertise  and  sell  its  product  on  a  sound  basis  which 
will  encourage  re-order  and  expansion  of  markets. 
An  attempt  should  be  made  to  restrict  the  early  use 
of  a  new  wood  to  markets  for  which  it  is  adapted 
so  that  blanket  condemnation  does  not  result  from 
unwise  application.  Promotion  that  is  directed  to¬ 
ward  specific  applications  and  gives  detailed  meth¬ 
ods  of  handling  will  avoid  many  difficulties  inher¬ 
ent  in  attempts  to  sell  a  new  wood  as  a  substitute 


for  a  superficially  similar  well-known  species.  While 
it  is  true  that  several  different  woods  can  be  used 
for  most  applications  it  is  equally  true  that  no  two 
unrelated  species  are  alike  in  all  properties. 

Local  markets  for  wood  products  should  have  an 
important  place  in  the  production  plan.  In  most 
tropical  countries  there  is  a  strong  demand  for  well- 
manufactured  and  well-seasoned  material.  Often 
durable  woods  are  desired  and  frequently  mill  work 
is  requested  as  well.  Obviously  this  is  a  market  that 
should  be  built  up  to  absorb  as  much  non-exportable 
wood  as  possible  and  it  should  be  possible  to  intro¬ 
duce  new  woods  to  this  market  completely  apart 
from  the  U.  S.  market. 

The  marketing  advantages  enjoyed  by  tropical 
hardwoods,  when  they  are  properly  selected  and 
produced,  should  include  some  of  the  following; 

1.  Large  dimensions  and  high  average  quality. 

2.  Large  available  quantities. 

3.  Great  variety  of  colors,  grain  patterns,  and 
textures. 

4.  Exceptional  properties  for  certain  exacting 
uses. 

5.  Competitive  prices. 

The  rewards  can  be  rich  for  those  with  the  in¬ 
genuity  and  skill  to  satisfy  the  architect’s,  designer’s, 
and  decorator’s  demands  for  new  materials  with 
unusual  woods  suitable  for  the  purposes.  As  a  single 
example,  it  has  not  occurred  to  many  that  the 
plastics  designers  have  not  only  done  the  engineer¬ 
ing  but  have  also  built  up  a  market  (for  the  asking) 
for  decorative,  dense  tropical  hardwoods. 

Future  Prospects 

The  demand  for  tropical  hardwoods  will  unques¬ 
tionably  increase  steadily  in  this  country,  in  Europe, 
and  especially  in  tropical  countries.  In  the  United 
States  the  requirements  will  be  preponderantly  for 
decorative  and  special  purpose  woods,  large  dimen¬ 
sion  and  high-quality  material,  and  high-grade 
veneer  woods  but  an  ever  increasing  quantity  of 
general  purpose  hardwoods  will  be  utilized  as  high¬ 
est  quality  native  material  becomes  scarcer.  Tropical 
hardwoods  will  offer  virtually  no  competition  to 
native  softwoods  and  while  they  should  eventually 
supply  an  appreciable  amount  of  the  higher  quality 
hardwood  stock  they  will  only  supplement  the 
native  material  and  make  up  but  a  comparatively 
small  percentage  of  the  seven  billion  board  feet  of 
hardwood  used  annually.  As  best  quality  temperate 
zone  woods  become  scarcer  the  outlook  for  the 
established  tropical  enterprises  becomes  increasingly 
brighter.  When  presently  unknown  woods  are 
finally  accepted  on  northern  markets  the  tropical 
operator  will  be  able  to  go  back  through  his  lightly 
cut-over  forests  on  his  old  roads  and  twenty  to 
thirty  years  hence  he  will  find  that  the  luxuriant 
growth  of  the  tropical  rain  forest  has  built  up 
another  cut  of  sawlogs  on  the  area. 
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Discussion 

Mr.  X:  Is  there  any  good  white  oak  in  Mexico 
or  Central  America? 

Mr.  Hess  (The  Mengel  Company) :  Yes,  un¬ 
doubtedly  there  is  some  "white”  oak  of  good  qual¬ 
ity,  density,  and  texture  in  Mexico  and  Central 
America.  Unfortunately,  there  are  also  a  great  many 
species  which  have  dense  wood,  often  coarse- 
textured,  growing  in  mixture.  The  preponderance 
of  the  dense-wooded  species  together  with  the  diffi¬ 
culties  of  identification  makes  sorting  virtually 
impossible  with  our  very  limited  information. 

Mr.  X:  Would  you  recommend  putting  in  a 
timber  operation  on  the  Amazon  and  why? 

Mr.  Hess:  Various  sites  in  the  Amazon  valley 
offer  exceptionally  promising  opportunities  for  a 
successful  timber  operation.  This  same  region,  how¬ 
ever,  has  an  exceptionally  high  percentage  of  all  the 
obstacles  found  in  tropical  forest  exploitation  enter¬ 
prises.  To  be  completely  successful,  a  large  opera¬ 
tion  would  need  to  be  prepared  to  take  on  and 
efficiently  administer  a  great  variety  of  activities, 
all  the  way  from  sanitation  and  recreation,  through 
unusual  technical  control  and  novel  logging  meth¬ 
ods,  to  the  development  of  markets  for  unknown 
woods.  Most  companies  in  the  wood  industry  are 
not  yet  ready  to  take  on  such  an  elaborate  enter¬ 
prise. 

Mr.  X:  Can  logging  be  carried  out  in  the  tropics 
during  the  rainy  season? 

Mr.  Hess:  Logging  is  being  done  during  the 
tropical  rainy  season  in  several  parts  of  the  world. 
More  of  it  will  be  done  in  the  future. 

Mr.  X:  Aren’t  most  of  the  tropical  hardwoods 
extremely  hard  and  heavy? 

Mr.  Hess:  Many  tropical  hardwoods  are  very 
dense;  in  some  regions  they  make  up  the  majority 
of  the  trees.  There  are,  however,  large  volumes  of 
medium  to  low  density  woods  in  the  tropics,  in 
some  cases  constituting  the  bulk  of  the  stand  over 
large  areas.  Low  density  woods  are  often  perishable 
and  frequently  cannot  be  brought  in  log  form  to 
this  country  by  the  methods  commonly  used. 

In  most  species  of  timber  in  which  so-called 
ambrosia  beetles  attack  the  log  after  felling,  the 
damage  can  be  minimized  or  eliminated  by  proper 
application  of  suitable  chemicals.  When  the  value 
of  the  undamaged  log  is  compared  with  the 
"wormy”  log,  the  cost  of  chemical  treatment  usu¬ 
ally  can  be  justified  if  the  original  operation  is 
economical.  It  is  no  more  difficult  to  train  a  native 
to  handle  the  chemicals  and  spray  equipment  than 
it  is  to  produce  skilled  loggers  or  equipment  oper¬ 
ators  from  the  same  men. 

S.  Greenhouse  (International  Balsa  Corporation)  : 
I  agree  wholeheartedly  with  the  remarks  of  Pro¬ 
fessor  Hess,  if  anything,  he  has  minimized  the 
difficulties  encountered  in  importing  new  woods 
from  the  Tropics.  One  point  in  particular  he  passed 
over  rather  lightly,  I  think,  and  that  is  the  effect  of 


ambrosia  beetle  on  such  an  undertaking.  In  my 
opinion  the  ambrosia  beetle  is  one  of  the  greatest 
causes  of  failure  in  a  wood  business  undertaking  in 
the  tropics.  Even  after  all  the  various  difficulties  as 
described  by  Professor  Hess  are  overcome  there  is 
always  the  ambrosia  beetle  which  riddles  the  finest 
woods  and  turns  apparent  success  into  failure. 
While  there  are  several  chemicals  recommended  for 
the  control  of  this  insect,  their  use  is  not  always 
practicable  since  first,  by  the  time  they  are  delivered 
the  cost  is  quite  high,  when  freight  and  handling 
costs  into  the  jungle  are  added  to  the  original  cost. 
The  second  reason  is  that  it  is  exceedingly  difficult 
to  get  native  loggers  to  use  the  chemicals. 

A.  J.  Panshin  (Michigan  State  College) :  What 
could  importers  do  to  stimulate  general  acceptance 
of  many  tropical  hardwoods? 

Mr.  Hess:  Importers  should  accumulate  all  pos¬ 
sible  technical  and  use  information  concerning  each 
particular  wood  and  disseminate  it  as  widely  as 
possible.  They  should  work  with  manufacturers 
until  the  eccentricities  of  the  wood  are  learned  and 
production  problems  solved.  If  the  wood  importers 
had  one-tenth  the  number  of  "technical  salesmen” 
that  the  glue  industry  uses,  such  woods  as  Idigbo, 
Bossi,  and  Obeche  would  be  in  common  use  in  this 
country. 

George  N.  Lamb  (Mahogany  Association,  Inc.) : 
In  regard  to  Mr.  Panshin’s  question — "What  could 
importers  do  to  stimulate  general  acceptance  of 
many  tropical  hardwoods?” — this  really  was  a  $64 
question. 

Importers  have  been  trying  to  find  a  market  for 
the  so-called  secondary  tropical  woods  for  genera¬ 
tions.  At  one  time  or  another  an  effort  has  been 
made  to  find  a  market  for  practically  every  tropical 
wood  that  seems  to  have  any  possibility  of  accept¬ 
ance  by  the  woodworking  trade  in  this  country. 
When  it  comes  to  face  veneers,  almost  any  tropical 
wood  will  be  given  a  trial  by  the  veneer  manufac¬ 
turers,  if  it  has  a  pleasing  grain  or  figure. 

The  greatest  difficulty  in  the  past  has  been  that 
a  manufacturer  may  cut  a  few  thousand  feet  of  such 
veneer,  show  it  to  his  customers,  and  perhaps  find 
that  someone  is  interested.  The  furniture  manufac¬ 
turer  then  wants  to  use  250,000  feet  a  month  for  a 
particular  purpose.  The  veneer  manufacturer  can¬ 
not  deliver  at  all,  or  only  of  a  quality  that  is  in¬ 
ferior  to  the  original  sample.  He  gives  up  in  dis¬ 
gust  and  tells  everybody  else  that  the  supply  is  not 
dependable.  From  a  practical  standpoint,  it  does  not 
pay  to  do  a  promotion  job  on  tropical  woods  for 
veneer  purposes.  A  firm  is  much  better  off  to  stick 
to  woods  that  have  a  proven  market. 

In  the  lumber  end  of  the  business,  secondary 
tropical  woods  find  a  ready  market  when  American 
hardwoods  are  scarce  and  expensive.  A  typical  ex¬ 
ample  was  the  case  of  cedro  macho  (Carapa  guian- 
ensis).  Right  after  the  war,  this  wood  was  imported 
in  very  substantial  quantities  and  found  a  rather 
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ready  market  in  spite  of  the  fact  that  there  were 
difficulties  involved  in  kiln  drying  and  machining 
it.  However,  as  soon  as  the  good  native  hardwoods 
became  more  available,  the  demand  for  it  dropped 
to  almost  nothing. 

Another  difficulty  is  that  selective  logging  of  a 
very  few  species  or  only  single  secondary  species, 
makes  the  cost  approach  that  of  mahogany  and  in 
competition  with  mahogany,  this  secondary  wood 
loses  out.  If  the  importer  decides  to  cut  all  mer¬ 
chantable  trees,  regardless  of  species  on  a  given 
tract,  he  finds  himself  with  such  a  miscellaneous 
inventory  of  lumber  that  he  cannot  ship  any  one 
species  without  having  it  mixed  with  other  things 
that  may  act  very  differently  as  it  is  manufactured 
into  finished  products. 

I  think  that  many  of  these  secondary  woods  will 
gradually  find  a  limited  market  and  then  a  better 
one  as  time  goes  on,  but  from  a  practical  standpoint 
there  isn’t  much  that  the  importers  can  do  about  it. 

"How  would  you  get  a  group  together  which 
would  be  interested  in  promoting  foreign  woods?” 

I  asked  this  question  of  Professor  Hess  and  frankly, 

I  do  not  know  the  answer.  I  think  it  would  be  diffi¬ 
cult  to  get  a  group  together  to  promote  any  one  of 
the  secondary  woods.  The  best  example  of  a  new- 
tropical  wood  coming  on  the  market  in  substantial 
quantities  has  been  the  importation  of  limba,  which 
,  is  being  sold  in  this  country  as  Korina.  This  wood 
was  brought  into  considerable  prominence  by 
aggressive  advertising  by  the  United  States  Plywood 
Company.  I  think  it  will  always  be  difficult  for  a 
tropical  wood  to  compete  with  native  hardwoods 
until  the  demand  for  tropical  woods  is  such  that 
the  high  cost  of  ocean  transportation  can  be  met- 
and  still  show  a  profit. 


Mr.  Hess:  There  are  several  different  approaches 
to  this  problem.  Perhaps  the  most  practicable  would 
be  to  work  with  established  manufacturers  who  are 
willing  to  make  a  real  effort  to  use  several  tropical 
species  in  products  they  are  now  producing. 

Robert  C.  Fraurtberger  (Philco  Corporation)  :  Do 
you  think  enough  new  plants  will  come  into  pro¬ 
duction  to  drive  prices  down  to  compete  with  local 
species  ? 

Mr.  Hess:  No.  As  stated  in  the  paper,  the  total 
volume  of  entering  wood  probably  will  represent 
but  a  small  percentage  of  the  annual  consumption. 

Mr.  Fraurtberger:  Did  your  study  include  the  new 
plants  being  established  in  West  Africa? 

Mr.  Hess:  Yes. 

I.  V.  Anderson  (U.  S.  Forest  Service) :  What  are 
the  production  problems  in  getting  out  Parana 
pine? 

Max  Pillow  (U.  S.  Forest  Products  Laboratory) : 
We  have  no  information  on  production  problems 
except  that  Parana  pine  is  concentrated  at  or  near 
ports  from  numerous  mills.  Lumber  shipped  to  the 
United  States  is  mostly  select  grades  with  common 
and  shop  grades  used  domestically  in  Brazil  and 
Argentina.  Our  information  indicates  that  impor¬ 
tation  is  at  a  level  of  50  to  60  million  board  feet 
annually. 

Potter  C.  Palmer  (Palmer  Machining  Company)  : 
Are  there  37  species  of  tropical  hardwoods  available 
in  commercial  quantities? 

Mr.  Hess:  Yes,  I  believe  so. 

Dr.  Pillow:  I  also  suggest  the  following  refer¬ 
ence:  David  A.  Kribs,  "Commercial  Foreign  Woods 
on  the  American  Market,”  published  by  the  author. 
Tropical  Woods  Laboratory,  Dept,  of  Botany, 
Pennsylvania  State  College,  State  College,  Pennsyl¬ 
vania.  $6.50. 
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The  Current  Situation  Affecting  Logging  and  Milling 
Equipment  Availability 

H.  E.  Holman,  Lumber  and  Wood  Products  Division,  National  Production  Authority 


The  current  high-produaion  status  of  the  forest  products  industries  is  pointed  out  and  the  trend  to  increasing  pro¬ 
duction  percentages  from  small  mills  is  noted.  Impending  shonages  of  equipment  and  supplies  are  indicated  and  some 
measures  of  alleviation  suggested. 


Forest  Products  Industries  at  High 
Production  Levels 

The  equipment  situation  in  the  forest  products  in¬ 
dustries  was,  on  the  whole,  fairly  satisfactory 
until  the  development  of  the  Korean  crisis.  Since 
then,  the  defense  agencies  have  become  large  claim¬ 
ants  for  materials  and  products,  thus  creating  an 
abnormal  demand  for  many  items  that  formerly 
were  in  a  rather  closely  balanced  supply.  During 
1949  and  1950,  some  segments  of  the  forest  prod¬ 
ucts  industry  produced  at  the  highest  level  in  his¬ 
tory.  To  accomplish  this,  it  was  necessary  to  have 
an  adequate  supply  of  raw  material,  production 
equipment,  manpower,  and  maintenance  and  operat¬ 
ing  supplies.  There  may  have  been  a  few  isolated 
cases  where  the  lack  of  certain  types  of  equipment 
caused  some  difficulty  during  the  latter  part  of  1950, 
but  during  the  months  of  June  through  October  of 
1950  the  lumber  industry  produced  at  the  highest 
rate  on  record.  Softwood  plywood  production  also 
was  at  an  all-time  high.  The  hardwood  plywood  and 
veneer  and  the  pulp,  paper  and  Board  industries 
were  able  to  increase  their  production  substantially 
and  to  take  care  of  all  requirements  on  a  fairly 
prompt  basis.  It  is  logical  to  assume  that  such  gen¬ 
erally  unprecedented  production  was  possible  only 
because  of  an  adequate  supply  of  all  the  elements 
necessary  for  production. 

Equipment  Status  of  the  Forest  Products 
Industries 

A  picture  could  be  presented  that  would  indicate 
a  generally  satisfactory  current  supply  of  logging 
and  milling  equipment.  The  industry  is  taking  care 
of  the  demand  for  the  various  forest  products  even 
though  some  operators  are  feeling  the  impact  of 
equipment  shortages.  This  provides  no  valid  rea¬ 
son,  however,  for  assuming  that  current  conditions 
can  be  used  as  a  measure  of  what  lies  ahead.  At  the 
present  time  we,  unquestionably,  are  benefiting  from 
the  accumulation  of  equipment  and  supplies  which 
took  place  during  the  years  following  the  end  of 
World  War  II.  In  late  1945  the  producers  of  forest 
products  found  their  facilities  in  a  somewhat  de¬ 


pleted  condition  insofar  as  adequate  production 
equipment  was  concerned.  The  very  intense  short¬ 
ages  during  the  war  period  necessitated  the  applica¬ 
tion  of  all  the  ingenuity  of  the  industry  in  order  to 
maintain  production.  Immediately  after  the  war, 
there  was  a  rush  to  replace  worn-out  equipment  and 
to  purchase  new  types  of  equipment  that  had  been 
developed.  The  machinery  manufacturers  found  it 
necessary  to  go  into  high  gear  and  to  increase  pro¬ 
duction  substantially  to  take  care  of  the  accumulated 
deficit. 

Even  with  this  increased  production  capacity  of 
the  machinery  manufacturers,  it  has  not  been  pos¬ 
sible  for  a  buyer  of  equipment  to  place  an  order  on 
what  might  be  termed  a  cash-and-carry  basis.  There 
have  been  varying  lags  between  order  placement 
and  delivery,  depending  on  the  type  of  equipment 
involved.  The  lag  has  not,  however,  been  sufficiently 
serious  to  prevent  accumulation  by  the  forest  prod¬ 
ucts  industries  of  some  equipment  capacity  reserve. 

Since  the  Korean  incident,  the  industry  has,  in  a 
sense,  been  living  on  its  fat,  equipment-wise,  but 
the  "fat”  is  rapidly  being  consumed  and  all  indi¬ 
cations  forecast  the  development  of  an  extremely 
serious  situation  because  of  the  increasing  lack  of 
available  capital  equipment,  and  maintenance,  re¬ 
pair,  and  operating  supplies. 

Make-up  of  the  Industry 

In  order  to  get  a  more  accurate  estimate  of  what 
we  may  be  facing  in  the  months  ahead,  with  re¬ 
spect  to  equipment  and  supplies,  it  is  important  that 
we  know  something  of  the  make-up  of  the  industry, 
particularly  in  the  field  of  logging  and  sawmilling. 
Since  1942  there  has  been  a  rather  interesting  transi¬ 
tion  taking  place  in  these  two  segments  of  the  in¬ 
dustry.  Although  actual  figures  are  not  available  for 
logging  operations,  all  evidence  points  to  the  fact 
that  a  very  large  portion  of  our  log  supply  comes 
from  the  small  operators,  and  the  proportion  in¬ 
creased  remarkably  during  the  last  decade.  In  1942 
large  mills  of  the  South  (which  included  mills  cut¬ 
ting  5  million  board  feet  or  more)  produced  about 
33  percent  of  the  lumber.  The  smaller  mills  cutting 
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less  than  5  million  board  feet  produced  67  percent 
of  the  total  cut  of  the  Southern  states.  In  1946  the 
large  mills  produced  only  about  23  percent  with  the 
smaller  mills  accounting  for  77  percent  of  the  cut. 
During  1947  the  larger  mills  increased  their  pro¬ 
portion  of  the  total  cut  and  accounted  for  29  per¬ 
cent.  So  far  as  we  are  able  to  ascertain  the  number 
of  large  mills  did  not  increase,  but  the  production 
per  mill  was  higher. 

The  large  mills  of  the  West,  or  those  mills  classi¬ 
fied  as  cutting  50  million  board  feet  or  over,  pro¬ 
duced  43.7  percent  of  the  Western  lumber  cut  in 
1942.  Mills  cutting  between  25  million  and  50  mil¬ 
lion  feet  produced  24.8  percent  of  the  total,  and 
the  mills  cutting  less  than  25  million  board  feet  pro¬ 
duced  31.5  percent.  In  1947  the  mills  cutting  50 
million  feet  or  more  produced  only  23.9  percent  of 
the  Western  lumber  cut.  The  mills  cutting  25  to  50 
million  feet  about  held  their  own,  producing  over 
22.6  percent,  and  the  smaller  mills  produced  the 
balance,  or  53.5  percent. 

The  significance  of  mill  size  becomes  more  aston¬ 
ishing  when  expressed  in  terms  of  number  of  mills 
and  output  per  mill.  In  1947,  according  to  the 
Census  of  Manufactures,  there  were  53,109  saw¬ 
mills  in  operation  in  the  United  States,  of  which 
47,538  or  89.5  percent  cut  less  than  1  million  board 
feet  per  year  with  an  average  cut  of  only  191,000 
board  feet  per  mill.  These  small  mills,  however, 
accounted  for  9,096  million  board  feet  or  25.7  per¬ 


cent  of  the  total  production.  There  were  only  4,467 
mills  in  operation  that  cut  between  1  million  and 
5  million  board  feet,  or  8.4  percent  of  the  total 
number  of  mills.  These  mills  showed  an  average 
cut  per  mill  of  about  2  million  feet,  and  accounted 
for  25.4  percent  of  the  total  cut.  All  the  rest  of  the 
mills  in  the  United  States,  or  mills  cutting  5  million 
feet  or  more  per  year  numbered  only  1,104,  or  2.1 
percent  of  the  total  mills  in  the  country.  Their  aver¬ 
age  cut  was  15,695,000  board  feet  and  they  made 
up  48.9  percent  of  the  production  in  1947.  In  other 
words,  slightly  over  51  percent  of  our  total  lumber 
production  came  from  mills  producing  less  than  5 
million  board  feet  per  year.  Table  1  shows  the  num¬ 
ber  of  mills  in  the  United  States  and  production  by 
regions  and  mill  size  classes,  in  1947. 

Equipment  and  Supplies  Must  Be  Used  With 
Maximum  Efficiency 

It  is  essential  that  we  maintain  maximum  lumber 
production,  and  in  order  to  achieve  this  objective  it 
will  be  necessary  to  get  the  maximum  efficiency  of 
both  production  equipment  and  operation  and  main¬ 
tenance  supplies.  The  distribution  of  equipment  and 
operation  of  maintenance  supplies  must,  to  a  large 
degree,  be  governed  by  the  use  that  will  be  made 
of  these  critical  items  and  measured  in  terms  of  the 
amount  and  type  of  production  that  will  result.  This 
problem  is  complicated  by  the  large  number  of  small 
mills  and  logging  operations  that,  in  the  aggregate. 


Table  1. — Lumber  Production  and  Number  of  Mills  by  Regions  and  Mill-Size  Classes,  1947 


Percentages  of  Percentages  of  Idle  sawmills 
U.  S.  totals  region  totals  in  1947 


Average 


Aggreate 

No. 

production 

Percent 

Indicated 

production 

of 

per 

No. 

No. 

to  total  New 

total 

(million 

active 

sawmill 

of 

of 

mills>  mills  number  of 

Region  and  mill  size  class 

board 

saw- 

(million 

Produc- 

active 

Produc- 

active 

Num-  in  region  in 

sawmills 

(board  feet  cut  per  year) 

feet) 

mills 

bd.  ft.) 

tion 

mills 

tion 

mills 

ber'  in  '47  1948* 

1948« 

U.  S.  totals _ 

.  35,404 

53,109 

.667 

100.0 

100.0 

100.0 

100.0 

8,442  13.7  1,852 

63,403 

Mill  size  class: 

Under  1  million _ 

.  9,096 

47,538 

.191 

25.7 

89.5 

25.7 

89.5 

1-4.9  million _ 

.  8,981 

4,467 

2.011 

25.4 

8.4 

25.4 

8.4 

5  million  and  over _ 

.  17,327 

1,104 

15.695 

48.9 

2.1 

48.9 

2.1 

Total  West _ 

.  16,336 

4,961 

3.293 

46.1 

9.3 

100.0 

100.0 

439  8.1  126 

5,526 

Mill  size  class: 

Under  1  million _ 

975 

3,258 

.299 

2.7 

6.1 

6.0 

65.7 

Includes  the  North  Pacific, 

1-4.9 . . . 

.  2,501 

1,050 

2.382 

7.1 

2.0 

15.3 

21.2 

South  Pacific,  North  Rocky 

5-9.9 . 

.  2,062 

299 

6.896 

5.8 

0.5 

12.6 

6.0 

Mountain  and  South  Rocl^ 

10-24.9 . 

-1 

i205l 

(0.41 

(4.1 

Mountain  States 

25-49.9 . 

./  6,894 

\106/ 

22.167 

19.5 

10.2/ 

42.2 

\2.1 

50  million  and  over _ 

.  3,904 

43 

90.790 

11.0 

0.1 

23.9 

0.9 

Total  South _ 

.  12,974 

21,243 

.611 

36.6 

40.0 

100.0 

100.0 

2,663  11.1  867 

24,773 

Mill  size  class: 

Under  0.5  million _ 

.  1,895 

14,862 

.128 

5.4 

28.0 

14.6 

69.9 

Includes  the  Lower  Mississippi, 

0.5-0. 9 . 

.  2,586 

3,569 

.725 

7.3 

6.7 

19.9 

16.8 

East  Gulf  and  South 

1-2.9 . 

.  3,382 

2,080 

1.626 

9.5 

3.9 

26.1 

9.8 

Atlantic  States 

3-4.9 . 

-  1,325 

353 

3.754 

3.7 

0.7 

10.2 

1.7 

5  million  and  over _ 

.  3,786 

379 

9.989 

10.7 

0.7 

29.2 

1.8 

Total  East  (Excl.  South)... 

.  6,094 

26,905 

.227 

17.2 

50.7 

100.0 

100.0 

5,340  16.6  859 

33.104 

Mill  size  class: 

Under  0.5  million _ 

.  2,192 

23,775 

.092 

6.2 

44.8 

36.0 

88.3 

Includes  the  Central,  Lake, 

0.5-0. 9 . 

.  1,448 

2,074 

.698 

4.1 

3.9 

23.8 

7.7 

Middle  Atlantic,  New  England 

1-2.9 . 

.  1,398 

883 

1.583 

3.9 

1.7 

22.9 

3.3 

and  Prairie  States 

3-4.9 . 

375 

101 

3.713 

1.1 

0.2 

6.1 

0.4 

5  million  and  over _ 

681 

72 

9.458 

1.9 

0.1 

11.2 

0.3 

'Sawmills  that  did  not  operate  during  any  part 

of  1947. 

^Sum  of  active  mills  (2nd.  col.)  and  idle  mills  (8th  col.). 

3New  sawmills  found  in  the  Census  canvass  during  the  first  half  of  1948  but  which  were  not  in  existence  in  1947. 


<Sum  of  active  and  idle  mills  in  1947  (cols.  2  and  8)  plus  new  mills  in  1948  (col.  10). 

Compiled  by  Forest  Products  Division,  Office  of  Domestic  Commerce,  Department  of  Commerce  from  Census  of  Manufacturers,  1947,  Bureau 
of  the  Census,  Lumber  and  Timber  Basic  Products  (MC24A). 
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produce  a  large  proportion  of  our  logs  and  lumber. 
Since  many  of  these  mills  operate  only  a  few  months 
of  the  year,  and  since  many  of  these  operations  are 
very  inefficient  insofar  as  the  use  value  of  equipment 
is  concerned,  it  will  be  necessary  to  do  a  very  careful 
screening  job  on  equipment  applications,  if  we  are 
to  get  a  volume  and  grade  of  material  commensurate 
with  its  use  value. 

Materials  Must  Go  Where  Results  Will  Accrue 

During  the  last  war  the  Lumber  and  Lumber 
Products  Division  of  WPB  got  what  may  be  termed 
a  direct  allocation  of  equipment.  The  Division  had 
to  justify  its  requirements  before  the  Requirements 
Committee  and,  upon  receiving  the  allocation,  it 
then  became  the  Division’s  responsibility  to  distrib¬ 
ute  this  equipment  in  a  manner  that  would  produce 
the  best  results.  Under  the  Controlled  Materials 
Plan,  which  will  go  into  effect  under  the  National 
Production  Authority,  we  are  in  a  similar  situation 
and  we  find  ourselves  in  the  position  where  it  will 
be  necessary  to  distribute  the  allocations  on  a  basis 
that  will  produce  the  best  results.  Obviously  it  is 
going  to  be  necessary  to  evaluate  each  application 
for  equipment  on  the  basii  of  the  ability  of  the  ap¬ 
plicant  to  perform  in  terms  of  defense  requirements. 

Shortages  Being  Felt 

Unquestionably,  it  is  going  to  be  difficult  to  take 
care  or  all  the  requirements  of  the  various  segments 
of  the  lumber  and  w'ood  products  industries.  Already 
the  industry  is  beginning  to  feel  the  shortage  of 
steel,  aluminum,  copper,  zinc,  rubber,  and  chem¬ 
icals  of  various  kinds.  The  forest  products  indus¬ 
tries  cannot  exist  without  the  raw  materials,  man¬ 
power,  equipment  and  supplies  which  are  required 
for  production.  Some  production  equipment  is  now 
idle  because  of  the  lack  of  repair  parts.  Items  like 
tractor  tracks,  pins,  track  shoes,  ballbearings,  and 
material  for  valves,  w'here  it  is  essential  to  have 
high  heat-resisting  metal,  are  already  creating  bottle¬ 
necks  at  tractor  manufacturing  plants.  The  same 
situation  is  affecting  our  ability  to  manufacture  an 
adequate  supply  of  power  saws,  sawteeth,  band  saw’s, 
in  fact  all  types  of  saws,  used  in  the  production  of 
both  logs  and  lumber.  If  the  demands  of  the  de¬ 
fense  agencies  for  forest  products  increase  above  our 
production  rate  of  1950,  the  industry  will  need  a 
proportionally  larger  quantity  of  supplies.  It  is  not 


anticipated  that  all  demands  for  production  equip¬ 
ment  can  be  met  on  a  current  basis.  This  will  cause 
the  operators  to  face  numerous  production  problems. 

Measures  to  Alleviate  Shortages 

Some  of  these  problems  can  be  solved  by  more 
efficient  use  of  what  is  available.  One  means  of  do¬ 
ing  this  is  by  using  equipment  a  greater  number  of 
hours;  another  is  by  drawing  upon  equipment  in 
other  fields,  such  as  farming  or  road  construction,  in 
off-seasons  for  those  activities.  In  many  instances, 
particularly  in  the  South,  Lake  States,  New  England, 
and  even  the  Middle  West,  farm  trucks  and  tractors 
are  used  for  winter  logging.  One  of  our  main 
sources  of  off-season  equipment  capacity  is  in  the 
road  construction  field.  Producers  should  be  encour¬ 
aged  to  utilize  this  equipment,  either  by  contracting 
their  road  construction  or  rental  of  the  equipment, 
thus  releasing  their  own  trucks  and  tractors  for 
actual  logging.  More  attention  will  have  to  be  given 
to  the  types  of  roads  that  are  constructed,  the  speed 
of  trucks,  overloading,  rotation  of  tires,  and,  as  in¬ 
dicated  above,  the  establishment  of  properly  organ¬ 
ized  maintenance  crews.  Each  operator  should  in¬ 
stall  an  efficient  and  reliable  equipment  inspection 
service  and  currently  make  all  needed  minor  repairs 
before  they  grow  into  replacement  problems. 

It  is  strongly  recommended  that  every  producer 
of  raw  materials  such  as  logs,  poles,  bolts,  etc.,  im¬ 
mediately  inventory  his  equipment  to  determine  his 
immediate  requirements  and  what  he  anticipates 
will  be  required  during  1951  and  1952  in  order  to 
maintain  or  increase  his  production.  He  also  should 
carefully  examine  his  operational  programs  and  see 
what  adjustments  can  be  made  to  achieve  better  utili¬ 
zation  of  his  capital  equipment  and  supplies.  Every 
operator  should  start  now  to  lay  out  his  road  system 
for  at  least  a  year’s  operation  and  proceed  as  rap¬ 
idly  as  possible  to  get  these  roads  established  so  that 
they  will  have  ample  time  for  settling.  Well  graded 
and  thoroughly  settled  roads  will  cut  the  cost  of 
transportation,  both  in  terms  of  dollars  and  cents 
and  wear  and  tear  on  equipment.  Each  operator 
knows  his  own  limitations;  for  that  reason  each 
operator  will  find  it  necessary  to  make  his  own 
evaluation,  his  own  plans,  and  his  own  programs  to 
cope  with  the  shortages  of  both  capital  equipment, 
and  of  maintenance,  repair  and  operating  supplies 
that  seem  sure  to  come. 


Discussion 

Roswell  D.  Carpenter  (So.  Forest  Experiment 
Station) :  Many  of  the  small  mills  regularly  operate 
on  a  part  time  basis.  Is  this  considered  in  the 
600,000  board  feet  average  annual  figure?  Fur¬ 
thermore,  isn’t  it  true  that  a  very  large  volume  of 
logs  are  produced  using  farm  equipment? 


Mr.  Holman:  Much  lumber  is  produced  100 
percent  by  farm  equipment. 

It  is  realized  that  many  of  the  portable  and 
smaller  permanent  mills  are  inefficient  in  operation. 
However,  it  is  also  realized  that  these  mills  produce 
a  substantial  proportion  of  the  national  annual 
lumber  production.  Logging  and  milling  equipment 
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must  be  available  for  these  operators  if  present 
levels  of  production  are  to  be  maintained,  and  espe¬ 
cially  if  an  increase  in  production  is  demanded  in 
the  event  of  an  emergency. 

Fred  R.  MacDonald  (Mountjoy  Timber  Co., 
Ltd.)  :  What  our  company  is  interested  in  is  finding 
sources  of  information  on  which  we  may  draw  for 
improving  on  our  present  methods.  We  might  add 
that  tractor  equipment  is  the  most  critical  shortage 
we  are  experiencing  in  the  forests  here.  To  date  our 
company  has  been  purchasing  only  one  manufac¬ 
turer’s  crawler  equipment  as  well  as  stationery 
diesels,  road  graders,  et  cetera. 

We  can  neither  buy  new  equipment  nor  get  parts 
for  the  equipment  w'e  have.  Wg  j^^d  a  bulldozer 
held  up  for  six  weeks  waiting  for  transmission 
gears,  while  agents  claim  that  they  tried  to  get  the 
part  from  coast  to  coast.  It  appears  that  the  com¬ 
pany  has  not  kept  their  parts  department  up  with 
the  volume  of  new  machines  sold.  Now  that  we 
have  considerable  of  their  equipment  we  are  almost 
obliged  to  continue  because  the  other  tractor  com¬ 
panies  hesitate  to  take  in  equipment  on  a  trade  be¬ 
cause  they  realize  that  it  is  e\’en  harder  for  them  to 


get  the  necessary  parts  for  a  competitive  machine 
to  put  it  in  selling  condition. 

At  times  we  are  so  discouraged  that  we  feel  we 
may  have  to  go  back  to  horses  for  a  large  part  of 
the  work  now  being  done  by  machines. 

Maybe  Mr.  Holman  can  do  something?  We 
understand  the  War  Department  in  the  States  is 
carrying  huge  inventories  of  tractors  of  all  types. 

Charles  Latimer  (Nickey  Brothers,  Inc.) :  Has 
the  National  Production  Authority  developed  any 
formal  mechanism  for  acquainting  operators  with 
defense  requirements  and  how  to  get  government 
contracts  ? 

W.  Burdette  Wilkins:  Yes,  the  Government  pub¬ 
lishes  pamphlets  giving  directions  for  obtaining 
Government  Contracts.  For  instance,  one  is  pub¬ 
lished  under  date  of  March,  1951,  entitled  "Selling 
to  the  Navy.”  The  number  is  NAVEX  OS  P-548; 
it  sells  for  1 5  cents  per  copy;  and  it  can  be  obtained 
by  writing  to  the  Government  Printing  Office, 
Washington  25,  D.  C.  They  also  publish  this  same 
type  of  pamphlet  for  the  other  branches  of  the 
service.  Information  can  be  obtained  from  the  above 
address.  Stamps  are  not  accepted. 
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Historical  Background  of  Woodworking 
Machinery 

HE  question  has  been  asked:  "Where  does 
woodworking  machinery  fit  in  the  defense 
picture?” 

This  is  not  a  new  question.  It  was  answered  and 
answered  well,  during  the  World  War  II  when  the 
WPB  at  first  believed  that  woodworking  machinery 
was  non-essential  and  granted  the  industry  only  a 
40  percent  materiel  allocation,  against  90  percent 
requirement.  It  took  the  Army,  the  Navy  and  the 
Air  Force  to  convince  the  WPB  that  wood  products 
were  indispensable  to  the  war  effort. 

The  best  answer,  however,  is  to  look  at  the  part 
played  by  woodwork  in  the  life  of  man,  either  in 
peacetimes  or  war  periods.  Wood  has  always  played 
a  major  part  in  every  phase  of  man’s  existence.  It 
has  sheltered  man  and  given  him  every  comfort 
demanded  by  advancing  civilization.  Its  early  usage 
was  made  possible  through  crude  tools — history  tells 
that  story.  Tools,  however,  were  the  means  of  con¬ 
verting  trees  to  the  finished  product  then  and  today. 

Man  has  always  looked  for  the  easier  way  to  do 
things  and  a  steady  improvement  in  tooling  resulted. 
The  modern  implement  for  wood  conversion  is 
woodworking  machinery. 

The  development  of  woodworking  machinery  was 
rapid  and  in  line  with  all  other  developments  of 
technical  skills.  The  tremendous  usage  of  wood 
products  in  the  United  States  is  shown  clearly  in 
current  Department  of  Agriculture  figures:  42  bil¬ 
lion  board  feet  each  year;  49  percent  for  construc¬ 
tion;  42  percent  for  boxes  and  crating;  and  9  per¬ 
cent  for  fabrication. 

All  of  these  usages  require  some  form  of  con¬ 
version  by  the  application  of  woodworking  machin¬ 
ery.  The  Department  of  Agriculture  predicts  a  con¬ 
tinued  source  of  supply  and  a  demand  that  will  con¬ 
sume  at  least  39  billion  feet  in  the  year  1999.  This 
is  only  a  7  percent  reduction  of  current  usage  and 
with  the  proper  consideration  of  yield  will  reach 
further  into  volume  of  finished  products. 

The  woodworking  machinery  manufacturers  have 
played  an  integral  part  in  this  yield,  with  the  help 
of  the  woodworker  and  the  tool  manufacturer, 
through  the  development  of  efficient  cutting  tools 


and  machinery.  Most  of  this  has  been  done  during 
normal  periods,  as  during  wartime  the  pressure  of 
production  allowed  little  time  for  development. 
Postwar  periods  however,  have  always  resulted  in 
improvements. 

The  need  for  wood  producing  equipment  is  par¬ 
ticularly  acute  during  the  limited  hostilities  we  are 
engaged  in  today — hostilities  which  may  flare  up 
into  full-scale  war  at  any  time.  Throughout  the  last 
war  period,  1942-1945,  the  demand  of  the  defense 
program  on  woodworking  machinery  was  100  per¬ 
cent  over  the  demand  during  the  1937-1942  period. 
From  1946  through  1949  it  was  120  percent  higher 
than  through  the  World  War  II  period,  or  4^2 
times  the  average  usage  during  the  1937-1942 
period. 

What  does  this  point  up?  To  me  it  shows  that 
our  production  of  woodworking  machinery  was  so 
completely  used  up  for  defense  work  during  World 
War  II  we  were  forced,  through  priority  demand, 
to  neglect  normal  users  of  woodworking  machinery. 
They  were  forced  to  convert  plants  to  defense,  with 
very  little  normal  wood  products  manufactured. 
With  the  end  of  the  war  and  a  total  rescinding  of 
priorities  the  machinery  industry  was  flooded  with 
orders  to  replace  old  machines  and  enable  keeping 
up  with  production  of  factories  that  had  benefited 
through  new  machinery  allowed  them  by  the  prior¬ 
ity  system.  This  equipment  was  then  converted 
from  war  work  to  normal  wood  products  manu¬ 
facturing. 

Our  experience  in  this  regard  should  emphasize 
that  the  woodworking  machinery  industry  is  a  most 
important  one  in  peace  as  well  as  in  war  time,  and, 
as  the  Department  of  Agriculture  has  stated,  is  "A 
key  component  in  the  economic  recovery  of  a 
nation  after  war”. 

A  summary  of  the  usage  of  woodworking 
machinery  during  World  War  II  would  be  in  order 
now.  It  was  indispensable  to  the  production  of  war 
material,  ships,  tanks,  planes  and  equipment  for  the 
transportation  of  guns,  ammunitions,  food,  etc.,  to 
the  Armed  Forces,  also  to  maintenance  and  repair 
to  Army  bases,  to  construction  of  barracks  and  de¬ 
fense  housing  and  to  many  other  essential  defense 
purposes. 
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Wcx)dworking  machines  had  many  and  varied 
uses  in  War  Production  and  were  produced  on 
prime  and  sub-contracts  for  the  account  of  the 
Armed  Services,  including: 

Department  of  the  Navy 
Marine  Corps 
U.  S.  Army  Air  Corps 
U.  S.  Army  (General) 

U.  S.  Army  (Ordinance) 

U.  S.  Army  Engineers  Corps 
Signal  Corps 
Maritime  Commission 
U.  S.  Treasury  Dept. 

Atomic  Energy  Commission 

Production  for  War  and  Defense  purposes  ranged 
from  100  percent  of  individual  plant  facilities  to 
70  percent — with  an  average  of  90  percent.  Ratings 
ranged  from  AAA  down,  with  high  priorities  pre¬ 
dominating. 

Prime  contracts  with  the  Armed  Services 
accounted  for  a  large  portion  of  the  industry’s  pro¬ 
duction.  However,  many  sub-contracts  were  for 
machines  to  process  materials  for: 

Aircraft 

Ship  construction 
Gunstocks 
Shell  boxes 
Gun  boxes 

Food  and  supply  crates 
Mess  tables  for  barracks 

Marine  plywood  for  PT  boats  and  Liberty  Ships 
Tanks 

Camp  buildings  and  hospitals 

Furniture  for  Army  and  Navy  Officers’  quarters 

Parachute  drops 

Litter  carriers 

Facilities  for  the  armed  forces  in  the  Pacific 
Mill  work  used  in  barracks 
Radar  parts 
Submarine  parts 

Here  are  a  few  figures  to  emphasize  the  great 
usage  of  wood  products  in  World  War  II. 

In  1944  alone  50  million  board  feet  of  high 
quality  wood  were  used  in  manufacturing  Army  rifle 
stocks.  Every  overseas  soldier  required  300  board 
feet  of  lumber  to  ship  his  initial  supplies  and  then 
required  50  board  feet  per  month  to  maintain  him. 
It  is  believed  this  requirement  still  exists.  A  sub¬ 
marine  chaser  required  200,000  board  feet  of  lum¬ 
ber  (or  decking,  bulkheads  and  trim. 

The  foregoing  are  only  a  few  examples  of  ex¬ 
treme  usage  and  each  case  required  varied  wood¬ 
working  machinery  operations. 

A  Look  at  Expanding  Current  Needs 

The  present  period  is  causing  an  expanded  de¬ 
mand  for  wood  products  and  requires  full  capacity 
usage  of  woodworking  machinery  equal  to  that  of 
World  War  II.  But  there  still  is  sufficient  manufac¬ 


turing  capacity  to  keep  up  with  demands  of  normal 
usage.  We  are  better  prepared  now  to  produce  more 
equipment.  Materials  will  be  the  key  to  this  produc¬ 
tion  and  a  continued  drive  is  being  made  to  secure 
recognition  by  government  authorities  to  make 
these  materials  available  to  the  industry. 

I  pointed  out  that  we  produced  100  percent  more 
equipment  during  the  years  of  1946  to  1949  than 
was  produced  during  the  high  war  demand  period 
of  1942-1946.  This  production  capacity  still  exists 
and  the  industry  is  ready  to  be  of  ’’all  out”  service. 

I  have  attempted  to  point  out  that  woodworking 
machinery  is  a  vital  defense  need.  I  have  indicated 
that  productive  capacity  of  the  manufacturers  of 
woodworking  machinery  has  grown  sufficiently  to 
equal  a  potential  demand  of  defense  requirements 
and  also  to  absorb  the  demand  of  public  welfare 
usage.  The  possibility  of  this  production  capacity 
being  utilized  depends  upon  the  amount  of  material 
released  to  the  industry,  which  leads  to  the  subject 
of  this  paper,  “Effect  of  the  Defense  Program  on 
the  Availability  of  Woodworking  Equipment”. 

It  is  most  important  then  that  the  woodworking 
industry  should  determine  how  far  it  can  go  in  its 
varied  production  program.  How  far  will  the  home 
building  program  be  allowed  to  go?  How  far  will 
the  furniture  industry  be  permitted  to  operate  in  its 
normal  functions?  These  are  problems  that  each  of 
these  industries  must  and  is  trying  to  determine. 

A  recent  meeting  of  the  Furniture  Manufacturers’ 
Advisory  Committee  in  Washington  indicates  that 
it,  too,  is  trying  to  make  its  plans.  Permission  of  the 
entire  group  of  woodworking  industries  to  use  their 
full  capacity  in  a  combination  of  defense  work  with 
their  normal  public  welfare  production  would,  per¬ 
haps,  put  the  woodworking  machinery  industry  to  a 
supreme  test.  We  believe  that  with  proper  govern¬ 
ment  controls  this  can  be  accomplished.  Our  in¬ 
creased  capacities  will  take  care  of  both.  The  fact 
that  wood  product  industry  made  such  terrific  de¬ 
mand  on  the  machinery  industry  immediately  after 
production  restrictions  were  relieved  from  1946 
through  1949  is  ample  proof  that  it  had  been  sorely 
neglected  during  the  war  period.  We  were  unable 
to  furnish  any  type  of  equipment  to  it,  including 
much  needed  supplies  such  as  drills,  mortising  bits, 
knives  and  saws.  Many  machines  had  been  shipped 
to  the  Armed  Services  with  sufficient  supply  of  these 
essential  tools  to  have  outworn  the  machines.  Saw 
tables  with  24  rip  saws  and  cross  cut  saws  were 
not  unusual.  It  is  difficult  to  conceive  the  using  up 
of  these  blades  and  the  result,  of  course,  was  we 
had  to  deprive  industry  of  their  usage. 

This  was  improper  control  of  materials  and 
should  be  definitely  avoided  during  this  period.  An 
effort  on  the  part  of  all  branches  of  the  wood  in¬ 
dustry,  the  machinery  manufacturers  and  the  tool 
manufacturers,  to  put  pressure  on  government  pro¬ 
curement  officials  to  be  reasonable  about  their  re¬ 
quirements  would  undoubtedly  permit  proper  dis- 
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tribution  of  these  tools  that  would  take  care  of  all 
defense  and  normal  requirements. 

We  all  know  too  well  how  much  of  this  equip¬ 
ment  and  many  other  types  of  equipment  remained 
unused  and  was  offered  for  sale  after  the  last  war, 
glutting  the  market  and  causing  much  unnecessary 
confusion.  For  a  period,  in  some  classes  of  equip¬ 
ment  the  "Used  Dealer”  became  the  source  of 
supply  of  unused  or  new  equipment  and  left  the 
manufacturer  of  this  equipment  holding  the  bag. 
This  can  and  should  be  avoided.  Even  though  the 
lure  of  a  large  volume  order  for  this  equipment  is 
attractive  we  should  make  every  effort  to  avoid  a 
repetition  of  that  situation. 

To  summarize  the  foregoing,  the  increased  capac¬ 
ity  of  our  industry,  the  woodworking  machinery 
manufacturers,  can  take  care  of  the  demand  of  the 
defense  program  and  the  public  welfare  program  if 
reasonable  and  well  planned  controls  permit  us  to 
do  so. 

Some  Facts  About  the  Industry  and  Its  Products 

This,  I  believe,  is  a  suitable  time  to  present  some 
facts  about  the  woodworking  machinery  industry 
itself — to  point  out  its  achievements  in  machinery 
design,  keeping  up  with  the  trends  and  demands 
made  upon  it,  and  to  show  the  task  it  had  in  offer¬ 
ing  its  developments  to  the  users  of  such  equipment. 

To  cover  each  type  of  machine  used  in  the 
industry  and  to  follow  its  steady  improvement 
would  result  in  a  long,  tedious  paper.  Therefore, 
without  considering  individual  manufacturers  of 
certain  types  of  machines,  I  will  select  the  tenoner, 
the  boring  machine,  the  moulder  and  the  surfacer 
as  subjects.  In  discussing  these  several  machines  I 
hope  that  I  can  successfully  prove  that  all  wood¬ 
working  machinery  is  highly  developed  through  top 
engineering  and  of  high  quality  through  precision 
machining  and  construction. 

The  Surfacer 

Using  the  surfacer  as  my  first  example,  let  us 
look  at  the  planer  of  25  or  30  years  ago,  or  any 
period  prior  to  the  direct  motor-driven  application. 
Here  we  see  an  open  framed,  babbitt-bearing 
exposed-gear  unit,  designed  even  then  to  do  precise 
work — although  not  so  rapidly  perhaps  as  today — 
but  nevertheless  excellent  in  design  and  construc¬ 
tion. 

In  the  modern  machine  we  offer  to  the  industry 
a  sleek,  high-production,  low-cost  operation  unit 
that  has  incorporated  in  it  engineering  and  preci¬ 
sion  construction  which  is  equal  to  any  equipment 
offered  by  any  other  industry.  The  modern  planer, 
built  in  widths  of  12  inches  to  44  inches  and 
equipped  with  cutter  heads  with  from  3  to  8  knives 
will  produce  any  grade  of  finish  desired  at  feeds 
ranging  from  25  to  100  feet  per  minute  and  over. 
Finger  tip  controls  are  provided  to  give  exactly  the 
desired  rate  of  feed,  dimension  of  finished  stock, 
and  quality  of  work.  Such  features  as  micro-feed 


selectors,  precision  thickness  indicators,  brakes  and 
reverse  feed  controls,  motor  driven  knife  grinders 
and  jointing  attachments  are  part  of  the  present  day 
machine. 

The  most  important  factor,  however,  about  a 
planer  is  the  heart  of  the  machine,  the  cutter- head. 
This  rates  special  mention.  A  great  deal  is  expected 
production-wise  in  quality  and  quantity  of  the 
planer.  The  cutter-head  is  the  key  to  this  accom- 
lishment.  Perhaps  the  most  commonly  used  would 
e  the  6-knife  round  36-inch  unit.  At  any  rate  I 
will  use  it  as  an  example. 

From  a  forging  50  inches  to  60  inches  long  a 
4  or  5  step  turning  with  a  maximum  diameter  of 
from  4^2  to  6  inches  is  produced.  This  turning 
must  be  made  with  precision  that  guarantees  the 
ultimate  balance  that  is  necessary.  Grinding,  drill¬ 
ing,  milling  and  assembly  operations  follow — all 
with  the  ultimate,  perfect  balance,  the  No.  1 
requisite. 

The  completed  head  is  an  assembly  of  a  minimum 
of  79  separately  machined  parts,  these  parts  con¬ 
sisting  of  6  high-speed  steel  knives,  6  gibs,  66  gib 
screws,  and  the  head-body  itself.  In  addition,  knife 
settings  screws  are  furnished.  This  assembly  must 
be  so  precise  that  at  the  basic  speed  of  3,600  rpm. 
each  knife,  through  the  proper  application  of  grind¬ 
ing  and  jointing  attachments,  will  take  its  equal 
part  of  the  cut  and  produce  finished  lumber  so 
smooth  that  the  knife  marks  can  only  be  seen  on 
close  inspection  with  proper  lighting.  This  is  true 
balance  maintained  through  properly  engineered 
support  from  the  finest  precision  bearing  and 
machine  construction. 

The  proper  feeding  of  the  stock  to  this  cutter- 
head  must,  of  course,  have  been  developed  simulta¬ 
neously.  The  chip  breakers  and  feed  rolls  must  be 
flexible  to  allow  for  the  irregularities  of  rough 
lumber — designed  to  bring  this  lumber  to  the  head 
with  the  least  amount  of  strain  or  distortion  to  the 
material  to  permit  the  smooth  and  accurate  cutting 
by  the  head. 

A  few  years  ago  a  prominent  manufacturer  guar¬ 
anteed  the  thickness  dimension  and  the  quality  of 
his  planer  work  at  the  tail  end  of  his  machine.  In 
this  he  showed  his  confidence  in  the  machine  to 
perform  and  produce  the  desired  results,  but  he 
could  not  guarantee  lumber’s  resistance  to  maintain¬ 
ing  this  dimension.  It  has  often  been  said  that  "God 
made  wood  and  only  He  could  keep  it  straight”. 

The  Tenoner 

The  double-end  tenoner  through  the  wide  scope 
of  usage  indicates  constant  and  careful  engineering. 
Here  is  a  machine  that  has  eliminated  the  usage  of 
many  single  operation  machines  to  combine  such 
operations  as  dove-tailing,  sill-horning,  dadoing, 
bevelling,  sizing,  tenoning,  coping,  relishing,  shap¬ 
ing,  mitering  and  many  others.  To  this  basic  double 
cut-off  and  tenoning  machine  have  been  added 
jump-dado  attachments,  scoring  saw  units,  cam- 
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operated  shaping  attachments  and  others  to  such  a 
degree  of  synchronized  operation  that  2,  4,  6  or 
even  8  separate  operations  can  be  performed  in  the 
single  passing  of  stock  through  the  machine. 

The  same  precision  in  construction,  the  same  bal¬ 
ance  of  rapidly  revolving  parts  that  have  been  built 
into  other  types  of  woodworking  machines,  are 
demonstrated  in  every  operation  of  the  tenoner. 
Easy  approach  to  the  cutting  units  by  the  stock  is 
accomplished  through  highly  developed  feed  chains, 
with  cushion  hold-down  pressure  beams,  that  guar¬ 
antee  product  so  accurately  machined  that  fitting  of 
component  parts  becomes  matter  of  fact.  Accurate 
variable  feed  drives,  dial  controlled  adjustment  for 
spread  of  beam  and  every  facility  for  quick  and 
accurate  adjustment  being  provided.  One  look  at 
the  cam-action  provided  for  shaping  operation  and 
jump-dado  operation  will  indicate  the  untiring  engi¬ 
neering  feats  put  into  this  machine.  It  is  a  true 
achievement  of  the  industry. 

It  might  be  well  to  stress  at  this  point  that  every¬ 
thing  mechanical  that  is  required  to  properly  adjust 
and  maintain  the  adjustment  to  secure  the  fullest 
quality  production  results  is  provided,  but  the  com¬ 
plete  usability  of  the  machine,  whether  it  be  planer, 
moulder  or  tenoner,  depends  entirely  on  the  men 
who  operate  these  machines.  There  is  nothing  to 
confuse  the  operator.  The  manufacturer  of  this 
equipment,  however,  has  had  a  long,  constant 
struggle  to  educate  these  operators  sufficiently  to 
maximum  effective  usage.  Many  of  our  top  produc¬ 
tion  woodworkers  will  nod  to  the  woodworking 
machinery  manufacturer  for  the  benefits  he  has  re¬ 
ceived  through  this  effort  to  educate.  It  has  only 
been  through  cooperation  of  both  parties  that  some 
of  the  top  production  woodworking  plants  have 
been  developed.  These  plants  saw  the  capital  return 
benefits  of  top  production  machinery  and  made  it 
difficult  for  the  people  who  would  not  plow  profits 
back  into  their  business.  Many  plants  today  are  still 
operating  with  machines  that  should  have  been  in 
the  "cupola”  years  ago. 

I  want  to  quote  one  of  the  top  successes  of  the 
furniture  industry:  "The  replacement  of  worn 
machinery,  or  machinery  which  is  outdated  by  tech¬ 
nological  improvements,  is  as  vital  to  a  woodwork¬ 
ing  manufacturer,  if  he  expects  to  stay  in  business, 
as  air  and  food  are  to  a  human  being.  Any  manu¬ 
facturer  who  fails  to  realize  this  fact  over  a  rela¬ 
tively  short  period  of  years  and  gobbles  earnings 
into  dividencfs  will  find  himself  in  the  same  position 
that  so  many  did  in  about  1932,  when  they  were 
forced  to  meet  tough  competition  and  found  them¬ 
selves  unable  to,  because  of  antiquated,  uneconom¬ 
ical  machinery,  and  because  of  their  lack  of  fore¬ 
sight  were  forced  out  of  business”. 

The  Moulder 

The  moulder  is  an  outstanding  example  of  devel¬ 
opment.  With  it  let  us  consider  the  planer  and 
matcher.  As  you  know  they  are  similar  in  operation 
and  basic  principles. 


The  product  of  the  moulder  is  common  to  all  of 
us,  but  the  speeds  and  the  accuracy  of  detail  might 
not  be  too  well  known  or  appreciated  by  some  of  us. 
Have  you  ever  watched  a  high  speed  moulder  being 
fed  stock,  semi-dimensioned  at  one  end  and  then 
seen  the  2,  4,  6  or  8  multiple  cut  mouldings  pop¬ 
ping  out  at  the  other  end — each  with  perfect  details 
at  speeds  of  75,  100,  125  feet  per  minute  and 
higher?  If  you  have,  have  you  thought  of  the  ter¬ 
rific  amount  of  stock  that  had  been  cut  away,  chips 
disposed  of,  and  how  this  was  accomplished? 

Or  have  you  watched  a  high  speed  planer  and 
matcher  dress,  tongue  and  groove  and  hollow-back 
a  board  at  200  to  300  feet  per  minute  and  higher? 

In  these  operations  I  believe  we  have  reached  the 
limit  of  wood’s  resistance  to  breakage.  We  do  have 
this  limitation  to  consider  for  there  is  a  tremendous 
resistance  to  the  power  feed  of  these  machines  de¬ 
veloped  by  the  4,  5  or  6  cutter-heads,  each  taking 
its  part  of  the  cut,  and  the  friction  of  guides  and 
hold-downs.  Here  the  design  and  relation  of  feed 
rolls,  chip  breakers,  hold-downs,  guides  and  the  bed 
of  the  machine  play  that  important  part  of  forcing 
and  guiding  the  stock  through  the  cutterheads  and 
maintaining  the  "one-piece”  condition  of  the  fin¬ 
ished  stock.  To  appreciate  this  strain  you  would 
have  to  see  a  board  "explode”  during  an  operation. 
There  are  other  limitations.  Manual  handling  of 
stock  is  one  of  them.  Selection  and  grading  of  stock 
is  a  second.  Hopper  feed  attachments  and  take-away 
conveyors  have  eased  the  handling.  All  these  attach¬ 
ments  have  been  highly  developed. 

The  moulder  and  the  planer  and  matcher  are 
grand  examples  of  woodworking  machinery  devel¬ 
opment.  Here  again  all  the  necessary  control  of 
adjustments  is  provided.  Cutterheads  are  run  at 
speeds  that  vary  from  3,600  rpm.  developed  by 
standard  frequency  up  to  7,200  rpm.  through  the 
use  of  high  frequency  and  in  some  cases  variable 
speed,  short-coupled,  belt  drives.  Each  approached 
to  the  problem  having  its  individual  merit  and  each 
the  result  of  much  planning  and  hard  work. 

The  Boring  Machine 

The  boring  machine  with  its  multiple  drilling 
operations,  producing  multiple  holes  in  wide  or 
close  spacings,  through  adjustable,  flexible  spindle 
drives  and  even  through  closely  spaced  clusters  and 
with  the  adoption  of  hydraulic  feeds  permitting 
constant  steady  feeding  of  the  stock  to  the  drills,  is 
an  accomplishment  that  we  are  especially  proud  of. 

I  could  go  on  to  the  drum  Sanders,  belt  sanders, 
spindle  sanders  and  the  disc  sanders,  and  show  the 
results  of  development  in  their  ability  to  produce  a 
velvet  finish  that  is  the  present  day  demand. 

I  could  mention  the  lathe  that  has  been  developed 
to  produce  6,  8  or  10  turnings  per  minute — round 
or  multi-sided — perfect,  complete  turnings. 

Think  of  the  high  productivity  of  the  modern 
band  saws,  rip  saws,  resaws — single,  double,  vertical 
and  horizontal — engineered  to  use  a  minimum  of 
saw  kerf. 
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Consider  the  shaper,  developed  to  the  automatic 
stage  with  tremendous  savings  in  labor  and  material 
costs. 

Consider  the  straight-line  rip  saw  developed  to 
permit  the  gluing  up  of  stock  from  the  saw,  with 
the  engineers  having  constantly  in  mind  the  elimi¬ 
nation  of  waste  produced  by  the  older  methods. 
This  is  indeed  a  development  beyond  the  apprecia¬ 
tion  of  the  woodworker,  since  it  took  a  lot  of  sell¬ 
ing  to  reach  the  full  scope  of  usage  it  now  enjoys. 
Having  sold  this  type  of  equipment  I  could  cite 
cases  where  it  took  many  days  of  selling  to  convince 
the  prospect  that  this  method  was  a  quick  cost  saver 
because  of  the  time  and  material  saving  possibilities. 

The  Industry  Will  Do  Its  Part  • 

Let’s  get  back  to  the  topic.  There  is  no  question 
that  victories  in  war  time  are  won  through  the  abil¬ 
ity  of  the  victor  to  have  supplied  on  time  the  needs 
of  the  men  at  the  front.  This  credit  lies  with  the 


developer  and  the  producer  of  these  needed  mate- 
riels.  It  can  be  ammunition,  transportation,  or  the 
comforts  needed  by  the  men  who  fight. 

We,  in  the  woodworking  industry,  have  per¬ 
formed  a  potent  part  in  the  accomplishment  of  vic¬ 
tory  in  all  of  our  wars,  and  we  feel  that  we  will  be 
even  more  important  in  this  present  period  of  de¬ 
fense  or  war.  Through  the  combined  efforts  of  all 
of  us  involved  in  the  industry,  from  tree  to  finished 
product,  and  with  a  well  planned  control  of  timber 
usage  and  sufficient  grant  of  all  materiels  needed, 
we  can  and  will  be  able  to  take  care  of  all  require¬ 
ments  for  war  and  public  welfare. 

I  would  like  to  close  with  an  expression  of  my 
appreciation  and  respect  for  the  founders  of  the 
woodworking  machinery  manufacturing  industry 
which  I  represent,  and  to  all  the  men  who  have 
participated  in  the  industry’s  development  and  to 
state  that  I  am  highly  honored  to  serx-’e  as  their 
Association  president. 


Discussion 

R.  M.  McFarland  (Wood  Magazine) :  To  what 
extent  will  the  woodworking  industry  go  into  pro¬ 
duction  of  other  war  or  defense  products  during 
the  present  period? 

Mr.  DuBrucq:  That  question  cannot  be  answered 
at  this  time.  It  is,  however,  correct  to  assume  that 
if  materials  for  woodworking  machinery  are  not 
available  or  that  the  demand  for  the  equipment 
does  not  hold  up,  the  industry  will  go  into  other 
fields.  Some  have  done  so  already.  The  capacity  of 
production  in  the  industry  has  increased  and  as  of 
today  the  demand  has  lowered.  The  individual  man¬ 
ufacturer  is  going  to  utilize  his  own  capacity  on 
some  product  and  in  the  end  if  this  condition  con¬ 
tinues  the  industry  might  not  be  able  to  supply  an 
increasing  demand  for  woodworking  machinery.  It 
could  repeat  the  conditions  that  existed  during 
World  War  II. 

R.  A.  Herizler  (Southeastern  Forest  Experiment 
Station) :  What  do  the  woodworking  machinery 
manufacturers  think  of  what  the  Forest  Products 
Research  Society  is  doing;  and  how  can  it  assist 
these  manufacturers  in  improving  the  fabrication  of 
\/ood  products? 

Mr.  DuBrucq:  The  woodworking  machinery 
manufacturers  are  favorably  impressed  with  the 
purpose  of  the  Society.  Too  little  cooperative  atten¬ 
tion  has  been  given  to  the  problems  of  wood  fabri¬ 
cation  in  the  past.  The  Forest  Products  Research 
Society  becomes  a  medium  through  which  a  great 
deal  of  development  and  improvement  can  result. 
Its  policies  and  approach  were  not  too  clearly  under¬ 
stood  at  the  beginning  but  the  last  few  years  have 
done  a  lot  toward  bringing  the  Society  closer  to  the 
wood  products  producer  and  the  machinery  manu¬ 


facturer,  I  believe,  from  here  on  in  a  great  deal 
more  will  be  accomplished. 

G.  A.  Johnson  (Mattison  Machine  Works) :  The 
effort  of  creating  a  better  understanding  of  mechan¬ 
ical  possibilities  between  machine  manufacturer  and 
fabricator  of  wood  products  is  very  valuable.  The 
development  of  new  uses  for  wood  products  by 
research  also  opens  a  wider  field  to  woodworking 
machinery  of  established  design  and  creation  of 
new  and  better  equipment. 

C.  Arthur  Bruce  (E.  L.  Bruce  Company) :  Do 
you  think  the  woodworking  machinery  industry  is 
using  the  arm  of  research  for  the  development  of 
new  equipment? 

Mr.  DuBrucq:  The  industry  is  cooperating  with 
research  organizations  in  an  effort  to  develop  new 
equipment  and  standardization  of  tools,  and  safety. 
These  are  all  long-time  projects  and  it  often  seems 
that  little  progress  is  being  made.  More  general 
interest  should  be  shown  by  all. 

Mr.  Johnson:  The  electronic  gluer  is  one  of  the 
latest  developments  resulting  from  research  by 
wood  products  and  electrical  engineers  which  re¬ 
sulted  in  the  manufacture  of  new  woodworking 
machinery. 

Mr.  X:  What  percentage  of  present  woodwork¬ 
ing  machinery  now  in  use  would  be  considered  as 
modern  ? 

Mr.  DuBrucq:  A  recent  survey  shows  that  less 
than  35  percent  of  the  machinery  in  use  is  modern 
but  about  75  percent  of  wood  fabrication  is  done 
on  modern  machinery.  This  points  out  clearly  that 
in  most  cases  the  old  machine  should  be  scrapped. 

Davis  R.  Godwin  (Atlantic  Plywood  Corpora¬ 
tion)  :  What  scope  of  the  industry  does  your  asso¬ 
ciation  represent? 
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Air.  DuBrucq:  Our  Association  represents  (in 
volume)  more  than  75  percent  of  the  industry  as 
classified  manufacturers  of  woodworking  machin¬ 
ery.  A  recent  listing  of  manufacturers  claiming 
woodworking  machinery  as  a  product  in  their  CMP 
applications  totals  over  225.  Our  membership  is 
about  25  percent  of  that  number. 

Air.  Godwin:  If  the  situation  grows  from  bad  to 
worse,  will  the  efficiency  rating  of  the  individual 
firm  be  used  as  a  basis  in  determining  the  avail¬ 
ability  of  maintenance  and  repair  parts.? 

Air.  DuBrucq:  The  industry  has  maintained  a 
good  record  of  repair  parts  and  supply  service  and 
it  will  continue  to  do  so.  Material  allocations  alone 
can  control  this  service.  If  a  proper  balance  of  these 
parts  is  maintained  in  government  agencies  procure¬ 
ment  there  should  be  no  shortage  of  material  for 
maintenance  and  repairs. 

Mr.  X:  Do  you  think  the  present  National  Pro¬ 
duction  Authority  control  will  work  better  than  the 
War  Production  Board  control  did,  and  why? 


Air.  DuBrucq:  Yes.  NPA  is  manned  with  more 
efficient  personnel.  A  lot  of  "Know  how"  was  re¬ 
turned  from  industry  to  NPA  ranks.  Mr.  Wilson  is 
an  example  of  the  high  caliber  men  now  in  NPA. 
Also  such  men  as  Mr.  C.  Arthur  Bruce  will  aid 
industry  by  injecting  their  practical  views  into  NPA 
policies  and  help  see  to  it  that  they  are  carried  out. 

It  is  very  evident  that  controls  are  not  function¬ 
ing  properly  at  this  time  but  it  might  be  a  lot  worse 
but  for  the  better-grade  men  trying  to  work  out  the 
problems. 

B.  C.  Williams  (Norfolk  Naval  Shipyard) : 
What  consideration  is  given  by  the  manufacturer 
to  keep  equipment  from  being  so  pretty  but  more 
practical  ? 

Air.  DuBrucq:  The  industry  has  not  dressed  up 
its  product  but  has  improved  production  by  tooling 
and  in  doing  so  have  put  a  few  lines  in  the  design. 

The  woodworking  machinery  industry  owes  no 
apologies  for  the  practicability  of  its  offerings,  for 
its  prices. 
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C.  Arthur  Bruce,  Director,  Lumber  and  Wood  Products  Division,  National  Production  Authority 


Introduction 

To  ARRIVE  at  a  clear  understanding  of  the  posi¬ 
tion  of  wood  in  the  Mobilization  Program  it 
seems  logical  to  look  at  that  program.  Of  particular 
interest  in  this  connection  is  its  scope  and  its  objec¬ 
tive. 

You  are  aware  of  course  that  the  program  is 
undertaken  under  mandate  of  Federal  Law.  The 
Defense  Production  Act  of  1950 — enacted  Septem¬ 
ber  8,  1950.  It  is  safe  to  assume  that  only  a  small 
percent  of  our  citizens  have  seen  a  copy  of  this  law, 
and  fewer  still  have  read  it.  As  to  the  scope  and 
objective  of  the  Act,  the  preamble  entitled  ’’Decla¬ 
ration  of  Policy”  is  very  revealing. 

”It  is  the  policy  of  the  United  States  to  oppose 
acts  of  aggression  and  to  promote  peace  by  in¬ 
suring  respect  for  world  law  and  the  peaceful 
settlement  of  differences  among  nations.  To  that 
end  this  Government  is  pledged  to  support  col¬ 
lective  action  through  the  United  Nations  and 
through  regional  arrangements  for  mutual  de¬ 
fense  in  conformity  with  the  Charter  of  the 
United  Nations.  The  United  States  is  determined 
to  develop  and  maintain  whatever  military  and 
economic  strength  is  found  to  be  necessary  to 
carry  out  this  purpose.  Under  present  circum¬ 
stances,  this  task  requires  diversion  of  certain 
materials  and  facilities  from  civilian 'use  to  mili¬ 
tary  and  related  purposes.  It  requires  expansion 
of  productive  facilities  beyond  the  levels  needed 
to  meet  the  civilian  demand.  In  order  that  this 
diversion  and  expansion  may  proceed  at  once, 
and  that  the  national  economy  may  be  maintained 
with  the  maximum  effectiveness  and  the  least 
hardship,  normal  civilian  production  and  pur¬ 
chases  must  be  curtailed  and  redirected. 

”It  is  the  objective  of  this  Act  to  provide  the 
President  with  authority  to  accomplish  these 
adjustments  in  the  operation  of  the  economy.  It 
is  the  intention  of  the  Congress  that  the  President 
shall  use  the  powers  conferred  by  this  Act  to 
promote  the  national  defense,  by  meeting, 
promptly  and  effectively,  the  requirements  of 
military  programs  in  support  of  our  national 
security  and  foreign  policy  objectives,  and  by 
preventing  undue  strains  and  dislocations  upon 
wages,  prices,  and  production  or  distribution  of 
materials  for  civilian  use,  within  the  framework, 
as  far  as  practicable,  of  the  American  system  of 
competitive  enterprise.” 


Scope  and  Objective 

This  declaration  of  policy  clearly  reveals  that  our 
Mobilization  Program  has  as  its  scope  and  objective 
not  merely  the  strengthening  of  the  military  might 
of  the  United  States  of  America  to  the  point  of 
effective  opposition  to  acts  of  aggression  on  our 
country,  but  it  is  a  mutual  defense  pact  under  the 
United  Nations  to  support  collective  action  there¬ 
under  in  line  with  our  foreign  policy  objectives. 

The  Mobilization  Program  is  indeed  a  huge  one 
and  one  which  frankly  is  so  big  that  it  is  hard  to 
comprehend  in  its  scope  and  impact  on  our  econ¬ 
omy.  But  there  it  is  and  we  are  already  well  on  the 
road  towards  driving  the  program  into  high  gear. 
Partial  mobilization  only  is  being  undertaken  now 
and  broadly  viewed  the  great  debate  of  today  as  it 
relates  to  mobilization  may  be  said  to  revolve 
around  questions  of  how  much  and  where. 

As  the  tempo  of  mobilization  increases  wood 
becomes  spotlighted  as  of  greater  and  greater  im¬ 
portance.  A  single  rather  dramatic  reference  to 
wood  in  World  War  II, — it  is  estimated,  and  I 
believe  accurately,  that  in  1944  when  we  were  in 
the  thick  of  greatest  intensity  of  the  war,  for  every 
pound  of  steel  expended  a  corresponding  pound  of 
wood  was  expended.  During  the  first  three  years 
of  that  war  direct  military  took  approximately  one 
half  our  entire  available  supply  of  lumber  from 
production  and  inventory  in  the  hands  of  the 
lumber  manufacturers  and  their  distributors,  whole¬ 
sale  and  retail.  Approximately  one  half  of  the  bal¬ 
ance  went  to  indirect  military,  and  the  balance,  or 
one  quarter  of  the  total,  to  essential  civilian  use. 
The  term  indirect  military  included  wood  for  hous¬ 
ing,  furniture,  etc.  of  civilian  war  workers;  wood 
needed  by  the  farmer  in  his  percentage  of  produc¬ 
tion  of  food  and  other  products,  for  the  military. 
Essential  civilian  use  included  wood  for  repair  and 
maintenance  of  railroads  and  other  transportation, 
utilities,  public  works,  and  agriculture  in  general. 
The  god  of  war  is  truly  voracious  in  his  consump¬ 
tion  of  wood. 

Perhaps  I  should  at  this  point  explain  that  the 
term  wood  as  used  in  this  paper,  does  not  include 
wood  pulp,  nor  its  end  products  of  paper,  paper- 
board,  nor  the  end-use  of  wood  fibre  for  wallboard, 
insulating  board  or  blanket  material,  or  production 
of  rayon  and  other  synthetic  or  plastic  products. 
All  of  these  products  in  varying  degree  are  used  in 
a  war  effort,  and  are  important  in  any  of  them. 
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How  would  we  in  Government  service  get  along 
for  example  without  plenty  of  paper?  These  uses 
account  for  about  15  percent  of  the  product  har¬ 
vested  from  our  forest  lands.  Their  war  story  can 
be  told  more  capably  by  those  who  know  the  part 
they  play.  I  am  quite  ignorant  on  that  score. 

I  am  talking  about  lumber  and  wood  products 
which  make  up  the  other  85  percent  of  harvest 
from  our  forests.  This  area  just  about  parallels  the 
jurisdiction  of  the  Lumber  &  Wood  Products  Divi¬ 
sion  of  the  National  Production  Authority  and  this 
Defense  Agency  is  for  all  practical  purposes  the 
War  Production  Board  of  World  War  II.  It  in¬ 
cludes  lumber,  rough  and  finished,  millwork,  veneer 
and  plywood,  flooring  ties,  posts,  piling,  poles, 
mine  timbers  and  so  on,  with  finished  wood  prod¬ 
ucts  such  as  shoe  lasts,  battery  separators,  picker 
sticks,  and  innumerable  large  and  small  articles  of 
wood.  With  respect  to  some  articles  such  as  wood 
containers  and  furniture  it  is  inclusive  of  the  wood 
material  used  for  manufacture  but  not  the  end 
product.  Altho  as  a  generalization  it  may  be  stated 
that  lumber  contribution  to  war  is  the  same  as  its 
contribution  to  peacetime  civilian  needs,  some  of 
these  items  are  very'  important  in  war  and  draw  on 
our  forest  resources  much  heavier  than  in  normal 
times.  For  example  it  is  estimated  that  in  the  first 
year  after  declaration  of  war  we  would  require  in 
excess  of  5,000,000  poles,  75,000,000  lineal  feet 
.  of  piling,  several  hundred  million  .crossties,  etc. 

If  armed  conflict  should  come — and  let  us  all 
hope  that  we  will  become  so  strong  as  to  prevent 
another  world  war, — it  would  apparently  require 
shipment  from  our  shores.  In  World  War  II  it  is 
estimated  that  one  third  of  that  expended  pound  of 
wood  for  each  pound  of  steel,  went  into  boxes, 
crates,  dunnage,  skids,  pallets,  etc.  There  was  an 
average  of  over  150,000  feet  of  shipping  material 
made  of  wood  on  each  vessel  sailing  from  our 
shores. 

The  answer  to  woods  importance  lies  partly  in 
the  fact  that  wood  has  proved  its  case  in  the  game 
of  war.  That  game  is  a  rough  game,  and  wood  has 
proved  it  can  take  it.  When  used  for  containers  for 
overseas  shipment,  these  containers  whether  made 
of  tin,  plastics,  paper  or  paperboard,  must  seek  the 
final  protective  cover  of  wood.  When  there  must  be 
elimination  of  steel  parts  as  a  conservative  measure, 
wood  of  sufficient  structural  strength  is  the  substi¬ 
tute  and  usually  the  only  one  available. 

Timber  Supply 

Can  wood  measure  up  to  the  demands  that  may 
be  made  on  it?  Do  we  have  the  timber  supply? 
Do  we  have  the  plant  to  convert?  Can  that  plant 
operate  satisfactorily  under  war  conditions?  In 
closing  this  paper  I  want  to  discuss  these  questions, 
and  also  point  to  you  for  some  of  the  answers. 
I  assume  I  have  brought  home  to  you  the  impor¬ 
tance  of  wood  in  our  Mobilization  Program.  But 
because  the  purpose  of  this  paper  is  to  emphasize 


that  importance  I  call  your  attention  to  the  fact  that 
wood  went  to  war  in  World  War  II  as  the  prin¬ 
cipal  raw  product  of  over  1200  different  items. 
These  ranged  from  prefabricated  houses,  barges, 
small  boats,  aircraft  and  truck  bodies  to  cabinets, 
chests,  furniture,  lockers  and  caskets  and  on  down 
the  line  to  tent  poles  and  pins.  All  of  these  items 
may  be  made  of  steel,  are  made  of  steel  and  some¬ 
times  aluminum.  But  on  the  entire  list  to  what  other 
material  than  wood  may  we  turn,  when  metals 
require  strict  conservation? 

Do  we  have  in  this  country  a  timber  supply  to 
meet  the  potential  war  demand?  From  the  stand¬ 
point  of  quantity  the  answer  is  yes.  The  latest 
Forest  Service  figures  indicate  there  is  an  excess  of 
one  billion  six  hundred  million  board  feet  of  stand¬ 
ing  timber.  The  ratio  between  saw  timber  removal 
and  growth  has  declined  from  an  estimate  of  5.8-1 
in  1918  to  1.53-1  in  1944,  and  today  for  all  prac¬ 
tical  purposes  we  are  in  balance.  While  we  cannot 
draw  excessively  on  our  reserves  without  impair¬ 
ment  of  Governmental  and  private  forest  programs 
looking  towards  balance  of  drain  and  growth,  if  we 
need  the  timber  for  a  war  effort  too  much  attention 
cannot  be  paid  to  such  impairment.  Of  course  this 
is  true  of  all  of  our  other  natural  resources,  such 
as  metals,  oil,  etc.  We  do  not  like  the  waste  of  war 
but  it  would  have  to  be  faced  and  it  could  not  be 
avoided  if  war  comes.  The  reserves  of  timber  on 
our  public  domain  should  carry  its  share  of  the 
load.  These  reserves  did  not  carry  a  proportionate 
burden  in  the  last  war. 

In  considering  supply  we  must,  of  course,  give 
attention  to  the  woods  that  may  be  imported  into 
our  country  or  such  foreign  woods  as  might  be 
made  to  serve  in  a  war  effort  without  processing  in 
this  countr)'.  The  importation  of  foreign  woods  has 
become  a  major  factor  in  the  wood  using  industries 
in  the  United  States.  In  fact  we  have  developed  into 
an  inporting  country  rather  than  an  exporting 
country  within  the  last  decade.  These  imported 
woods  are  serving  certain  industries  such  as  the 
furniture  industry,  and  it  is  safe  to  say  that  there 
are  today  more  than  100  species  which  are  being 
used  by  the  furniture  industry,  the  principal  species, 
of  course,  being  mahogany.  In  1950  we  had  an  all 
time  high  in  imports.  The  trend  in  1950  was  from 
10.3  imports  to  1.0  exports.  During  World  War  II 
the  principal  foreign  woods  used  for  the  war  effort 
were  mahogany,  balsa,  teak,  and  rattan — mahogany 
for  aircraft  and  boat  building,  balsa  for  aircraft 
and  floats,  teak  for  boat  decking,  and  rattan  for 
boat  fenders.  All  of  these  species  are  again  entering 
into  the  mobilization  picture  and  we  can  assume 
that  they  will  become  more  important  as  the  pro¬ 
gram  builds  up. 

Conversion  Facilities 

It  is  in  these  areas  of  special  woods  for  special 
use,  both  domestic  and  foreign,  that  critical  short¬ 
ages  may  lie.  This  is  the  area  in  which  you  con- 
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cerned  with  research  can  be  and  should  be  very 
helpful.  When  a  species  becomes  in  critical  supply, 
substitutes  must  be  found,  and  the  same  is  true  in 
the  substitution  of  grades. 

Does  the  lumber  and  wood  products  industry 
have  the  plant  to  produce  what  is  required?  Fortu¬ 
nately  the  industry  has  no  conversion  problem  at 
the  moment.  By  and  large  the  products  needed  for 
defense  are  the  products  needed  for  peace.  This 
plant  of  ours  is  greatly  divided  in  ownership,  it 
being  estimated  that  there  are  60  to  65  thousand 
full  or  part  time  sawmills,  almost  un-numbered  fin¬ 
ishing  shops  and  with  1,500  wholesale  distributors 
and  25,000  retailers.  The  largest  company  in  the 
country  has  never  shipped  more  than  a  small  per¬ 
centage  of  the  total  number  of  products. 

In  1945  it  was  estimated  that  there  were  5,500 
of  what  might  be  termed  the  major  mills  and  these 
mills  produced  77  percent  of  the  total  production, 
that  there  were  4,500  medium  sized  to  small  mills 
which  produced  11  percent  of  the  total  production, 
the  balance  of  12  percent  being  what  might  be 
termed  "in  and  outers”.  In  peacetime  the  only  lim¬ 
iting  factors  on  lumber  production  are  markets  and 
prices.  In  war  time  the  limiting  factors  on  produc¬ 
tion  are  skilled  manpower,  equipment  and  supplies. 
In  World  War  II  lumber  was  in  short  supply  as 
follows: 


1942  -  17  percent 

1943  -  12  percent 

1944  -  7  percent 

1945  -  9  percent 


At  the  start  of  World  War  II  we  had  an  inven¬ 
tory  of  17  billion,  today  we  have  between  11  and 
12  billion. 

Presently  lumber  production  is  about  at  its  peak 
for  all  time.  The  problem  is  to  maintain  that  pro¬ 
duction  because,  if  war  should  come,  -all  lumber 
produced  could  be  used  to  advantage.  One  of  the 
purposes  of  the  Lumber  and  Wood  Products  Divi¬ 
sion  of  the  National  Production  Authority  is  to 
obtain  the  necessary  steel  and  other  critical  metals 
and  materials  without  which  the  lumber  industry 
cannot  operate.  To  do  this  we  are  confronted  with 
a  real  task  in  education  as  to  the  important  part  that 
lumber  plays  in  mobilization,  and  the  necessity  of 
supplying  the  industry  with  the  steel  for  saws  and 
other  operating  supplies  necessary  in  forest  and 
plant.  Further  than  this,  to  develop  ways  and  means 
where  we  may  not  lose  our  manpower  and  skilled 
workers  to  other  industries  where  the  work  is  less 
arduous  and  the  pay  and  other  conditions  more 
attractive.  In  other  words,  we  must  be  a  claimant 
for  manpower  to  avoid  repetition  of  shortages 
which  are  bound  to  occur  otherwise.  We  manufac¬ 
ture  a  natural  raw  product  which  due  to  the  nature 
of  the  manufacture  does  not  lend  itself  to  the 
mechanication  of  other  industries  and  which  on  the 
other  hand  requires  more  manhours  of  labor  per 
unit  of  production  than  almost  any  other  industry. 


Research  Plays  Its  Part 

You  gentlemen  are  interested  in  research  in  the 
wood  field.  To  my  mind  the  present  conditions  con¬ 
front  you  with  a  challenge  and  an  opportimity. 

I  remember  way  back  there  when  Mr.  Axel  Oxholm 
was  connected  with  the  Department  of  Commerce 
and  I  happened  to  be  a  member  of  his  Wood  Waste 
Utilization  Committee.  Mr.  Oxholm,  I  believe,  was 
instrumental  in  bringing  to  this  country  certain 
Swedish  patents  on  timber  connectors.  The  use  of 
lumber  in  place  of  structural  steel  is  aided  by  these 
connectors.  One  striking  World  War  II  example  of 
steel  conservation,  made  possible  by  the  use  of 
timber  connectors,  was  a  Navy  blimp  hanger  1,000 
feet  long,  153  feet  high  and  with  a  roof  span  of 
237  feet.  Two  thousand  and  fifty  tons  of  structural 
steel  would  have  been  required.  Wood  was  used  in 
its  place  at  a  cost  of  200  tons  of  steel  used  to 
fabricate  the  connectors. 

Broadly  speaking  TECO  connectors  and  TECO 
TRIP-L-GRIP  Anchors  serve  as  a  reinforcing  mem¬ 
ber  to  wood.  It  is  my  firm  conviction  that  the  use 
of  steel  in  reinforcement  of  wood  is  in  its  infancy. 

I  believe  that  structural  members  can  be  developed 
where  wood  is  combined  with  steel  which  will  save 
not  only  wood  but  also  steel.  When  concrete  be¬ 
came  reinforced  it  ushered  in  a  new  day  in  that 
industry.  Reinforced  concrete  was  actually  a  new 
product.  Reinforced  lumber  may  be  a  dream  but  if 
it  is  to  came  true  you  men  of  research  are  the  ones 
who  will  develop  it. 

The  fact  that  the  Forest  Products  Research  Soci¬ 
ety  is  only  a  few  years  old,  and  has  achieved  a  sur¬ 
prising  stature  in  a  short  period  of  time,  is,  I 
believe,  evidence  of  the  multitude  of  opportunities 
for  practical  product  development  in  wood.  These 
opportunities  are  a  challenge  to  you  as  an  integral 
part  of  our  great  lumber  industry.  By  and  large  the 
lumber  industry  knows  too  little  yet  in  a  scientific 
way  about  its  product  and  what  may  be  done  with 
it  so  that  it  may  better  serve  the  public.  In  this 
research  field  the  lumber  industry  will  of  necessity 
have  to  utilize  scientifically  trained  minds  and 
minds  that  are  not  hampered  by  the  traditional 
attitude  of  the  industry.  Minds  in  fact  which,  with¬ 
out  this  handicap  of  traditional  attitude,  do  not 
know  that  it  cannot  be  done,  and  go  ahead  and 
do  it. 

Summary 

We  of  the  lumber  industry  face  many  problems. 
With  the  rest  of  the  world  struggling  with  govern¬ 
ments  many  of  which  are  shattered  and  with  in¬ 
dustry  disrupted — all  other  nations  apparently  how¬ 
ever  counting  on  a  strong  and  vigorous  economy  in 
the  United  States  to  help  put  them  through,  Amer¬ 
ica  is  now  striving  by  production  to  keep  its  own 
economy  in  order,  so  that  we  may  withstand  abnor¬ 
mal  demands  thereon.  To  do  so  it  is  essential  in 
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my  opinion  that  Government  assist  the  lumber 
industry  to  produce  to  the  utmost.  And  this  frankly 
is  the  policy  of  the  Division  which  I  now  head. 

I  hope  in  closing  that  I  have  driven  home  the 
fact  that  lumber  and  wood  products  are  extremely 
important  in  the  defense  effort.  In  driving  that  fact 
home  I  hope  that  I  may  have  stimulated  you  to 


render  individually  and  collectively  thru  the  Forest 
Products  Research  Society  all  of  the  assistance  that 
you  can  give  in  putting  your  shoulders  to  the  wheel, 
your  research  shoulders  and  otherwise,  to  the  end 
that  lumber  may  continue  to  serve  as  we  know  it 
will  be  expected  to  serve  in  our  mobilization  pro¬ 
gram. 


Discussion 

John  G.  Kuenzel  (Bureau  of  Ships,  Navy  De¬ 
partment)  :  Is  there  a  National  Production  Author¬ 
ity  list  of  the  end  uses  of  wood,  and,  if  so,  where 
can  it  be  obtained? 

Mr.  Bruce:  There  is  no  N.  P.  A.  list  of  the  end- 
uses  of  wood  but  there  are  a  number  of  such  lists 
available.  Two  of  these  are  as  follows: 

1.  Industrial  uses  of  selected  timber  species. 
Industrial  Series  No.  69 

U.  S.  Department  of  Commerce 

U.  S.  Government  Printing  Office,  25  cents 

2.  Wood  used  in  Manufacture,  1948.  Forest 
Resource  Report  No.  2,  Forest  Service,  U.  S. 
Department  of  Agriculture,  May,  1951.  Free 

The  Conservation  Section  of  the  Lumber  and 
Wood  Products  Division  is  preparing  comprehen¬ 
sive  bibliographies  on  various  phases  of  wood  utili¬ 
zation,  particularly  the  utilization  of  wood  waste. 
These  will  be  available  soon. 

Richard  K.  Speaks,  Jr.  (Department  of  Biology, 
Centenary  College) :  Does  the  act  of  September, 
1950  (NPA)  as  referred  to  in  your  paper  apply  to 
the  timber  producer? 

Mr.  Bruce:  Yes.  But  it  should  be  recognized  that 
while  the  Defense  Production  Act  of  1950  author¬ 
izes  governmental  regulation  of  the  timber  pro¬ 
ducer,  N.  P.  A.  has  not  as  yet  exercised  this  right. 

Mr.  Speaks:  Can  the  NPA  order  a  farmer  to  cut 
his  timber  if  it  is  wanted  in  the  defense  effort? 

Mr.  Bruce:  Yes.  However,  the  answer  to  this 
question,  as  well  as  the  previous  one,  should  be 
regarded  as  my  opinion  of  the  basic  authority  of 


the  Act.  Such  opinion  is  in  a  sense  legal  and  it 
might  well  be  that  a  farmer  ordered  by  NPA  to  cut 
his  timber  could  locate  counsel  who  would  resist 
such  action  on  a  legal  basis. 

Frank  T.  Parrish:  You  mentioned  the  procure¬ 
ment  of  wooden  truck  bodies  as  in  the  last  war. 
Did  you  say  that  there  is  some  procurement  of 
truck  bodies  at  the  present  time  ?  For  what  purposes 
and  to  what  extent? 

Mr.  Bruce:  So  far  as  I  know  the  military  has  not 
purchased  any  wooden  truck  bodies  in  the  present 
defense  effort.  Such  purchase  would  seem  desirable 
because;  (a)  the  military  has  historically  turned  to 
wood  (hardwoods)  when  steel  becomes  in  short 
supply,  (b)  the  supply  of  steel  is  diminishing  rap¬ 
idly  as  the  rearmament  program  gets  into  higher 
gear,  (c)  the  lumber  used  is  thick  stock  requiring 
a  long  period  of  seasoning,  and  production  of  this 
material  by  sawmills  will  start  as  soon  as  orders  are 
placed,  and  finally,  (d)  detail  of  specifications  and 
inspection  can  only  be  worked  out  satisfactorily  on 
actual  placed  orders. 

James  S.  Bethel  (N.  C.  State  College) :  You 
mentioned  the  need  for  information  which  would 
make  it  possible  to  develop  substitutes  for  scarce 
items  such  as  high  grade  white  oak.  Is  any  effort 
being  made  to  insure  that  military  agencies  will 
take  advantage  of  this  information  and  conserve  the 
high  grade  wood  to  prevent  its  use  where  inferior 
grades  would  serve? 

Mr.  Bruce:  A  continuous  effort  is  being  made  by 
National  Production  Authority  to  the  end  indicated, 
and  its  relationship  to  the  military’  in  this  field  is 
at  present  excellent. 


''Mobilization  Requirements  for  Technical  Men  in 
the  Woodworking  Industry” 


C.  D.  Dosker,  President,  Gamble  Brothers,  Inc.,  Louisville,  Kentucky 


The  natural  inclination  of  Americans  today,  as  a 
people,  are  those  of  peaceful  pursuits  in  indus¬ 
try.  We  live  in  a  land  rich  in  resources,  and  from 
those  resources  we  have  built  a  standard  of  living 
for  our  people  that  is  unequaled  in  recorded  his¬ 
tory.  We  seek  to  rule  no  other  lands  or  peoples. 

New  Era  in  American  Living 

The  present  mobilization  for  defense,  therefore, 
comes  as  a  severe  shock  to  the  average  American  citi¬ 
zen.  He  does  not  understand  why  after  fighting, 
and  presumably  winning,  two  wars  in  order  that  the 
world  may  be  a  safe  place  for  free  people  he  is  now 
called  upon  to  adjust  his  living  standards  and  think¬ 
ing  to  the  preparation  for  a  possible  Third  World 
War.  The  average  American  does  not  understand 
the  world  conflict  of  ideologies.  Furthermore,  he 
does  not  want  to  take  time  to  study  their  effect 
upon  our  country,  or  on  him  as  an  individual. 

The  average  citizen  wants  to  build  homes,  furni¬ 
ture,  television  and  radio  receivers,  refrigerators, 
washing  machines,  automobiles  and  all  the  rest  of 
those  gadgets  that  make  for  a  more  pleasant  and 
comfortable  living.  In  fact,  he  is  too  busy  in  these 
pursuits  to  realize  that  the  price  of  freedom  is 
eternal  vigilance. 

Had  he  been  more  conscious  of  his  freedom,  had 
he  stopped  to  think,  he  would  have  realized  that 
World  War  II  has  really  never  ended.  Had  he  been 
less  in  a  hurry  to  urge  demobilization  of  our  armed 
forces,  to  dismantle  our  war  plants,  and  to  dispose 
of  surplus  munitions  of  war  at  a  scandalous  eco¬ 
nomic  loss  to  the  nation,  his  son,  or  his  younger 
brother,  would  not  now  be  preparing  to  don  a 
uniform. 

Since  Korea  there  has  been  a  gradual  awakening, 
a  consciousness  on  the  part  of  the  people  of  this 
nation  of  ours  that  things  are  not  well  in  the  world, 
that  it  is  a  sick  world,  a  confused  world,  and  a 
world  in  which  currently  "might  makes  right”.  We 
must,  therefore,  from  sheer  necessity  as  a  safeguard 
to  our  freedom  create  those  things  which  make  for 
national  strength.  We  know  from  past  history  that 
only  the  strong  may  remain  free. 

We  have,  therefore,  approached  a  new  era  in 
American  living,  an  era  in  which  we  must  live  as 
the  nations  of  Europe  have  lived  for  centuries,  in 


an  armed  camp,  prepared  and  ready  to  strike  back 
on  a  moments  notice  to  maintain  our  freedom. 

We  are  facing  the  problems  of  the  lack  of  inter¬ 
national  understanding  that  have  led  to  most  of  the 
wars  in  history,  international  greed  for  power,  both 
economic  and  geographic,  and  the  desire  to  control 
and  to  stifle  the  freedoms  of  others  is  rampant  in 
the  world. 

We  have  not  yet  become  used  to  this  new  situa¬ 
tion  in  which  war  may  come  tomorrow  or  it  may 
not  come  at  all.  We  are  facing  a  situation  that  may 
last  for  a  decade,  or  more,  and  we  must,  therefore, 
prepare  ourselves  mentally  to  live  in  such  a  world. 
We  must  be  realistic,  for  to  be  otherwise  is  to  court 
disaster. 

Industry  Must  Awaken 

I  will  not  attempt  to  discuss  all  of  the  legislation 
that  has  been  passed  concerning  the  problem  of 
national  defense.  Let  me  suffice  it  to  say  that  we 
have  returned  to  an  era  of  a  more  or  less  controlled 
economy  and  alphabetical  bureaucratic  agencies. 

I  frequently  wonder  what  has  become  of  the 
reams  of  paper  and  the  hours  of  work  of  those 
earnest  men  who  so  arduously  undertook  to  analyze 
the  errors  of  policies  and  procedures  during  World 
War  II  in  order  that  we  might  avoid  them  in  the 
future.  The  files  of  the  National  Security  Resources 
Board  have  apparently  been  forgotten. 

In  undertaking  the  problems  of  preparedness,  in¬ 
dustry  itself  must  awaken  to  the  fact  that  the  prin¬ 
cipal  problem  is  one  of  vital  individual  initiative  of 
the  management  of  each  company.  We  must  not 
think  of  preparedness  and  mobilization  as  a  largess 
that  will  mean  business  for  all.  There  is  a  great 
deal  of  difference  between  the  preparation  of  a  na¬ 
tion  to  defend  itself  in  anticipation  of  a  war  and 
production  for  war. 

In  the  case  of  preparation  there  are  many  non¬ 
recurring  items.  In  the  case  of  preparedness,  we  are 
simply  building  up  and  putting  into  a  stock  pile 
those  items  which  are  essential  to  the  maintenance 
of  a  military  force  capable  of  striking  on  immediate 
notice.  It  means  that  adequate  reserve  supplies  are 
essential  for  maintaining  this  force. 

In  an  all-out  production  effort  for  war  there  is 
constant  production  of  munitions  to  sustain  the 
Armed  Forces.  Herein  lies  the  difference. 
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Each  business  organization  should  have  its  own 
M-Day  plan  prepared  and  ready  in  the  event  that  a 
shooting  war  should  develop.  Such  a  plan  must  be 
based  on  the  past  experience  of  management  and 
should  classify  those  items  which  each  manufactur¬ 
ing  concern  believes  that  it  can  manufacture  to  the 
best  advantage  for  the  good  of  the  nation. 

I  am  sure  the  question  that  will  be  raised,  "Well, 
what  do  they  want?”  It  is  a  good  question  but  to 
find  that  answer  you  must  seek  out  the  information. 
Practically  every  item  required  for  military  use  is 
catalogued  by  the  various  branches  of  the  militarj' 
services.  You  cannot  expect  the  military  to  seek  you 
out.  There  are  many  thousands  of  manufacturing 
establishments  in  the  country.  The  military  does  not 
know  what  you  can  manufacture  to  best  advantage, 
and  only  you  can  give  that  answer.  Therefore,  it 
must  be  your  responsibility  to  put  yourself  on  record 
with  the  various  military  procurement  offices  for 
your  own  good  and  the  good  of  the  nation. 

I  would  like  to  recommend  that  during  the  cur¬ 
rent  defense  production  each  concern  endeavor  to 
obtain  copies  of  the  specifications  covering  the  mili¬ 
tary  items  which  in  time  of  war  you  feel  you  could 
best  produce.  Study  over  the  requirements  of  these 
specifications  in  order  that  you  may  plan  on  how 
you  would  handle  them  in  production.  I  recognize 
that  many  of  us  will  disagree  with  some  of  the 
provisions  of  these  specifications,  but  we  in  turn 
should  recognize  that  practically  every  military  speci¬ 
fication  covering  the  production  of  munitions  of  war 
have  been  thoroughly  tested  to  meet  combat  needs. 

If  through  technology  you  feel  that  you  can  make 
it  better,  as  a  manufacturing  concern  it  is  your  obli¬ 
gation  to  discuss  this  matter  with  the  military,  but 
if  your  ideas  are  turned  down,  remember  that  there 
may  be  other  factors  involved.  A  change  in  a  mili¬ 
tary  specification  involves  the  problems  of  obsoles¬ 
cence  in  regard  to  material  on  hand  and  many  other 
problems.  All  of  these  must  be  weighed  before  a 
change  can  be  made. 

The  Importance  of  Wood  in  National 
Defense 

It  has  been  stated  that  in  terms  of  tonnage  of  raw 
materials  necessary,  wood  was  second  only  to  steel 
in  the  war  economy  of  our  nation  in  World  War  II. 
I  do  not  know  how  these  figures  were  arrived  at, 
but  we  know  that  in  terms  of  footage  of  lumber 
consumption,  as  a  nation,  we  were  converting  be¬ 
tween  thirty-five  and  forty  billions  of  board  feet  of 
lumber  a  year.  If  this  were  computed  at  the  average 
of  three  and  one-half  pounds  per  board  foot,  air 
dried,  this  would  be  equivalent  to  more  than  sixty 
million  tons  of  lumber  a  year.  If  added  to  this,  in 
terms  of  tonnage,  were  poles,  piles,  ties,  mine  tim¬ 
bers,  and  plywood,  it  is  easily  understandable  that 
the  total  might  even  be  doubled. 

This  Society  and  the  forest  products  industry  are 
well  aware  of  the  toll  which  World  War  II  took 
from  our  forest  resources.  We  must  recognize  that 


the  period  into  which  we  are  entering  is  a  period  of 
uncertain  duration.  Knowing  the  importance  of 
wood  to  our  national  economy,  especially  in  times  of 
war,  it  is  therefore  most  important,  in  the  interest  of 
national  defense,  that  every  effort  be  made  to  obtain 
maximum  utilization  from  every  tree  converted.  It 
is  my  opinion  that  this  industry  and  this  Sodety 
must  make  a  concentrated  effort  to  increase  the  yield 
in  terms  of  end  products  from  our  forest  by  a  mini¬ 
mum  of  ten  percent.  This  will  require  much  tech¬ 
nological  assistance. 

The  effect  of  this  increased  yield  can  well  mean 
the  sustaining  of  plants  producing  products  so 
essential  to  maintain  a  civilian  economy.  This  in¬ 
crease  in  yield  can  well  be  the  determining  factor  by 
which  hundreds  of  plants  in  the  wood-consuming 
industry  may  continue  to  operate. 

Technical  Aids  to  Increased  Utilization 

It  may  well  be  asked,  "How  do  we  proceed  to 
accomplish  this  increase  in  utilization?”  Well,  I  do 
not  think  it  can  be  done  over  night.  From  the  stand¬ 
point  of  our  schools  and  colleges  and  from  the 
standpoint  of  industry  it  means  the  training  of  hun¬ 
dreds  of  technical  people.  One  of  the  first  and  most 
important  points  is  that  of  training  men  who  can 
look  at  a  tree  and  think  of  that  tree  in  terms  of  end 
products. 

In  certain  species  of  timber  this  is  comparatively 
simple.  In  other  species,  where  end  use  is  varied, 
it  means  that  trees  must  be  classified  in  the  first  in¬ 
stance  for  proper  primary  conversion.  How  will 
this  tree  or  portions  of  it  be  used?  Will  it  go  into 
veneer?  Will  it  go  into  lumber?  Will  it  go  into 
poles  or  piling?  Will  it  go  into  railroad  ties,  or  will 
it  go  into  pulpwood?  To  be  able  to  so  classify  trees 
requires  an  intimate  knowledge  of  end  products; 
secondly,  a  knowledge  of  markets  and  current  de¬ 
mands;  thirdly,  a  knowledge  of  the  industry  con¬ 
verting  those  logs. 

While  this  problem  is  not  as  severe  or  serious  in 
a  non-war  economy,  it  becomes  of  far  greater  im¬ 
portance  in  a  war  economy  when  the  demands  for 
special  grades  and  species  for  special  military  pur¬ 
poses  severely  complicate  the  end  use  problem. 

This  is  not  a  training  job  that  can  be  accom- 
.  plished  in  a  few  months  or  even  a  few  years.  It  re¬ 
quires  first,  basically  a  knowledge  of  wood  and  its 
conversion  methods;  secondly,  a  knowledge  of  mar¬ 
kets.  It  probably  is,  therefore,  easier  to  take  men 
who  have  a  knowledge  of  products  and  markets  and 
train  them  in  conversion  methods  for  this  use. 

As  I  have  said,  we  do  not  know  the  extent  or  the 
duration  of  the  current  emergency.  It,  therefore,  be¬ 
hooves  us  to  think  now  in  terms  of  the  future.  If 
we  can  get  five  or  ten  percent  more  yield  from  each 
tree  taken  from  the  forest,  we  will  have  to  grow 
trees  and  we  will  have  to  cut  less  timber. 

I  recognize  that  this  is  only  part  of  the  story.  Be¬ 
fore  you  can  proceed  the  logger  and  timber  owner 
must  be  convinced.  They  must  be  shown  that  it 
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means  more  dollars  to  them  for  the  products  of  their 
timber.  To  properly  do  this  means  that  we  must 
begin  wherever  possible  with  tree-length  logs. 
Whether  the  logs  be  bucked  at  the  skidway  or  at  the 
mill,  they  should  be  bucked  under  the  supervision  of 
personnel  skilled  in  end  use  classification. 

The  next  point  on  which  we  must  concentrate  is 
that  step  of  primary  conversion,  whether  the  logs 
are  broken  down  into  end  products  by  either  a  saw¬ 
mill  or  a  veneer  mill.  The  other  end  uses  are  less 
critical. 

In  the  case  of  sawing,  every  effort  must  be  made 
to  obtain  the  highest  possible  grade  out-turn.  By 
giving  extreme  care  to  sawing,  edging,  and  trim¬ 
ming,  much  can  be  done  to  avoid  manufacturing 
defects  which  presently,  especially  in  the  product  of 
small  mills,  degrades  so  much  lumber  and  prevents 
its  use  for  the  purpose  intended.  This  point  is  one 
.which  the  sawmill  manufacturer  himself  can  watch. 
Improve  supervision. 

There  is  a  second  and  more  important  aspect  of 
conversion.  This  is  the  mechanical  aspect.  Much  of 
our  lumber  today  is  produced  by  circle  mills.  This 
is  particularly  true  of  all  regions  other  than  the  far 
west.  There  is  a  great  need  today  for  an  inexpensive 
band  mill  that  can  reduce  a  log  into  boards  with 
much  less  kerf  than  that  required  by  the  circular 
saw.  One-half  of  the  ten  percent  saving  that  I  am 
talking  about  can  be  accomplished  by  the  mechan¬ 
ical  improvement  of  the  process  of  sawing  alone. 
Starting  with  the  circle  mill  and  the  edgers,  sawkerf 
at  these  operations  can  be  reduced.  These  two  points 
require  concentrated  effort  for  mechanical  improve¬ 
ment. 

If  this  Forest  Products  Research  Society  would 
through  resolution  of  its  Board  call  upon  sawmill 
machinery  manufacturers  and  saw  manufacturers  in¬ 
dicating  the  need  of  this  study,  I  am  sure  that  an¬ 
swers  could  be  found. 

The  problem  of  better  manufacturing  is  not  con¬ 
fined  to  lumber  alone.  The  kerf  problem  does  not 
exist  in  the  veneer  mill  but  the  problem  of  accurate 
and  smooth  cutting  does.  I  am  sure  that  most  of 
you  have  seen,  as  I  have  seen,  rotary  cut  veneer  so 
badly  manufactured  both  as  to  rough  cutting  and 
uniformity  as  to  be  rendered  practically  useless.  To 
the  nation,  this  represents  a  waste  that  can  be  re¬ 
duced.  It  takes  a  long  time  to  grow  a  tree  that  will 
produce  a  good  veneer  log.  It  can  be  ruined  in  a 
matter  of  minutes.  The  answer  to  this  problem  is 
the  closer  attention  to  manufacturing  details. 

Here  again  lies  the  opportunity  through  improved 
mechanical  methods  of  getting  more  veneer  from 
each  bolt  cut.  Stop  and  figure,  if  you  will,  what  it 
would  mean  in  terms  of  productive  footage  if 
through  improved  mechanical  means  another  inch  or 
two  could  be  removed  from  the  diameter  of  each 
veneer  log  before  the  core  is  taken  from  the  lathe. 
To  accomplish  these  savings  requires  serious  study 
on  the  part  of  technically  trained  people  who  can 


study  the  problem  and  aid  machinery  manufacturers 
in  providing  an  answer. 

So  far,  I  have  dealt  with  primary  conversion  only. 
What  happens  after  the  logs  are  cut  into  boards,  or 
the  veneer  peeled  from  the  log.^  Millions  of  feet  of 
lumber  and  veneer  are  wasted  each  year  through 
careless  seasoning  or  drying  practices.  While  this  is 
probably  more  pronounced  in  the  lumber  industry 
than  it  is  in  the  veneer  industry  yet  it  occurs  in 
both.  Improper  yard  storage  resulting  in  stain  and 
doty  lumber,  lumber  that  is  badly  checked  or  warped 
and  twisted,  all  result  in  unnecessary  losses  both  to 
the  manufacturer  and  to  those  who  must  use  this 
lumber  in  secondary  conversion.  It  is  the  problem 
of  every  manufacturer  to  study  the  causes  of  these 
problems  and  to  train  people  to  correct  them  by 
careful  preparation  of  procedures  to  save  the 
product. 

As  the  product  of  the  forests  move  into  secondary 
conversion,  we  have  the  three-fold  problem  of  mate¬ 
rial,  men  and  machines. 

I  do  not  know  how  many  plants  in  the  United 
States  using  wood  as  a  basic  raw  material  convert 
100,000  feet  or  more  of  rough  lumber  a  month. 

I  know  this.  It  does  not  take  a  large  plant  to  con¬ 
vert  100,000  feet  of  lumber  in  a  month.  If  we 
assume  that  the  value  of  this  lumber,  on  an  average, 
is  $125.00  per  M'  delivered  to  mill,  kiln  dried,  I 
feel  that  we  have  taken  a  rather  conservative  figure. 
Many  plants  obtain  only  little  better  than  50  percent 
utility  from  the  rough  lumber  which  they  convert. 
This  may  be  caused  either  by  use  of  the  wrong 
grade  of  lumber  or  bad  cutting  practice.  A  little 
simple  arithmetic  will  quickly  show  you  the  savings 
that  would  result  if  a  plant  obtaining  60  percent 
utility  from  its  lumber  could  increase  that  yield  by 
5  percent  to  65  percent. utility.  In  cold  hard  dollars 
this  saving  would  amount  to  $1,600  a  month. 
Under  these  circumstances,  how  many  plants  could 
not  afford  to  have  a  specially  trained  technician  to 
supervise  the  cutting  of  their  lumber.  To  do  this 
job,  an  individual  must  know  the  grades  of  lumber 
and  what  each  grade  will  yield  in  terms  of  length 
and  width  of  cuttings  when  converted  into  rough 
blank  sizes  of  the  grade  required. 

Where  do  you  get  people  who  know  the  problem 
of  lumber  conversion?  They  are  few  and  far  be¬ 
tween.  The  basic  principles  of  proper  conversion  are 
well  known.  It  is  the  problem  of  individual  man¬ 
agement  to  train  personnel  for  this  job  according 
to  the  needs  of  his  product.  Here  is  a  point  also  in 
which  I  believe  every  forestry  school  in  the  United 
States  could  cooperate  by  training  students  in  the 
basic  principles  involved  in  the  secondary  conver¬ 
sion  of  lumber  and  veneer. 

In  regard  to  the  problem  of  machines,  we  again 
face  the  problem  of  mechanical  studies,  studies  hav¬ 
ing  to  do  with  design  of  saws,  cutterheads  and  bits. 
This  is  not  a  problem  that  involves  the  individual 
manufacturer  as  much  as  it  involves  the  machinery 
manufacturer,  but  it  is  a  problem  in  which  there  is 
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real  opportunity  to  improve  utility  by  reducing  to  a 
minimum  the  machine  tolerances  required  in  the 

rough  blank  size. 

» 

I  have  previously  said  that  the  problems  of  the 
manufacturer  is  to  study  the  specincations  covering 
those  items  which  he  feeb  he  can  best  produce  for 
military  use.  Practically  all  specifications  covering 
items  for  military  production  must  of  necessity  in¬ 
volve  quality  control  and  sample  testing.  This  is 
especially  true  in  fabricated  items  requiring  use  of 
adhesives  or  finishes.  As  a  manufacturer,  when  you 
have  studied  the  specifications  of  products  you 
would  like  to  make,  be  sure  to  then  proceed  to  train 
some  person  in  your  organization  who  can  perform 
the  necessary  testing  required  by  the  speci^ations. 
If  testing  equipment  is  necessary  and  you  do  not 
have,  or  do  not  want  to  buy  it,  then  arrangements 
should  be  made  for  some  qualified  concern  or  labo¬ 
ratory  having  the  equipment  do  the  testing  for  you. 

Mobilization  requirements  for  technical  men  in 
the  wood  industries  is  a  problem  for,  by  and  large, 
the  woodworking  industry  is  still  a  non-technical 
indnstry. 

I  have  outlined  for  you  the  needs  for  technical 
people.  Their  need  is  tied  up  primarily  with  im¬ 
proved  utilization,  which  I  consider  to  be  of  prime 
importance  to  national  defense. 

I  have  tried  to  deal  with  what  I  consider  the 
important  points  at  which  technical  improvement 
would  be  of  great  benefit  to  the  industry  both  in 
times  of  emergency  and  in  times  of  peace.  I  know 
of  no  way  in  which  one  could  determine  how  many 
men  are  needed  in  each  category.  I  do  feel,  how¬ 
ever,  that  the  most  urgent  need  lies  in  the  proper 
classification  of  trees  for  end  use  before  the  process 
of  conversion  is  started.  I  know  of  no  way  to  more 

?[uickly  improve  the  utilization  of  our  existing 
Orests. 

The  need  for  technically  trained  men  lies  in  every 
phase  of  wood  conversion  in  the  forest  products 
industries.  The  pulp  and  paper  industry  has  prob¬ 
ably  advanced  far  more  technically  than  have  the 
older  and  more  established  phases  of  forest  products 
conversion. 


There  is  one  thing  this  Society  should  remember, 
it  represents  for  the  most  part  the  technical  know¬ 
how  on  which  this  industry  must  depend. 

I  think  it  would  be  well  and  I  should  like  to 
recommend  that  the  Board  of  Directors  of  this 
Society  recommend  to  the  Secretary  of  Defense  that 
young  men,  who  are  graduates  of  either  forestry 
schools  or  engineering  schools  and  who  have  since 
graduation  had  experience  in  the  woodworking  in¬ 
dustry,  have  their  enlistment  records  so  classified 
that  they  may  be  identified  in  the  particular  branch 
ot  service  in  which  they  are  placed.  I  say  this  be¬ 
cause  in  the  case  of  extreme  national  emergency  it 
may  be  well  to  organize  within  the  Qjrps  of  Engi¬ 
neers  a  special  group  of  Wood  Technologists. 

As  I  have  said,  wood  is  second  only  to  steel  in 
terms  of  tonnage  needed  for  war  use.  -The  military 
can  ill  afford  to  ignore  the  services  which  these  men 
might  render  in  the  handling,  storing  and  using  of 
wood  within  the  Services  themselves. 

It  also  behooves  industry  to  see  that  the  military 
is  cognizant  of  men  going  into  military  service  from 
their  plants  who  have  special  skills  in  such  impor¬ 
tant  functions  of  the  forest  products  industry,  such 
as  the  inspection  of  lumber,  kiln  drying  of  lumber, 
yarding  of  lumber,  and  milling  operations. 

We  must  remember  that  in  times  of  war  we  are 
continually  faced  with  a  problem  of  changing  of 
raw  materials  as  shortages  of  these  materials  may 
occur.  We  should  also  remember  that  as  war  ad¬ 
vances,  in  many  cases,  technical  progress  stops.  You 
do  not  change  horses  in  the  middle  of  the  stream. 

One  of  the  greatest  problems  that  faces  any 
nation  in  war  is  this  problem  of  the  freezing  of 
technical  advances. 

Because  as  yet  we  are  not  in  actual  war,  and  in 
our  hearts  we  hope  it  may  not  come,  we  must  never¬ 
theless  be  sure  that  those  products  required  by  the 
military  that  involve  the  use  of  forest  products  have 
full  advantage  of  any  technical  developments  we 
can  provide  while,  as  a  nation,  we  are  in  a  stage  of 
military  preparation. 

Let  me  close  by  saying  the  need  for  technically 
trained  people  in  the  forest  products  industry  in  the 
event  of  war  will  far  exceed  the  available  manpower 
to  fill  the  need. 


Discussion 

Harold  E.  Holman  (National  Products  Author¬ 
ity)  :  Does  the  Society  wish  to  sponsor  the  analysis 
of  the  available  man  power? 

Ed.  R.  Linn  (Oklahoma  A  &  M  G)llege) : 
Efforts  should  be  made  to  bring  the  right  man  to 
the  right  job  whether  they  be  young  or  old. 

]ohn  G.  Kuenzel  (Bureau  of  Ships,  Navy  De¬ 
partment)  :  Does  the  resolution  propose  to  include 
both  individuals,  in  and  out  of  uniform,  in  the 
services  in  best  assignment  of  man  power? 


/,  Alfred  Hall  (Forest  Products  Laboratory) :  I 
just  want  to  make  a  general  comment  regarding 
conservation.  The  paper  has  noted  the  need  for 
conservation  of  wood  in  the  process  of  utilization 
and  of  technical  man  power.  This  is  highly  impor¬ 
tant  and  necessary,  but  conservation  in  the  wood- 
using  industry  is  like  a  yardstick — it  has  two  ends 
and  the  one  is  no  more  important  than  the  other.  One 
end  lies  in  the  forest;  the  other  in  wood  utilization. 
The  forest  is  the  complex  biological  organism  upon 
which  the  industry  is  dependent  for  its  raw  mate- 
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rial.  It  is  not  like  a  mine  to  be  worked  without 
thought  of  renewal,  but  can  be  made  to  meet  the 
heavy  demands  of  our  mobilization  program  and  at 
the  same  time  remain  as  a  permanent  source  of  raw 
material.  This  will  involve  better  cutting  practices, 
good  silviculture,  correct  forest  management,  and 
an  adequate  road  system  for  opening  up  stands  and 
areas  which  need  cutting  due  to  the  condition  of 
the  stands.  The  forest  must  not  be  ignored  in  a 
wood  conservation  program. 

Mr.  X:  How  can  industry  be  aroused  to  the  im¬ 
portance  of  improved  utilization  of  our  forest 
resources  as  an  aid  to  military  defense? 

C.  D.  Dosker  (Gamble  Brothers) :  It  is  difficult 
to  arouse  industry  to  the  importance  of  improved 
utilization  of  our  forest  resources  as  an  aid  to 
national  defense  when  they 'see  a  constant  shifting 
of  more  and  more  products  needed  by  the  military 
to  materials  other  than  wood. 

It  is  necessary  to  clarify  the  present  situation  by 
recognizing  that  preparation  for  defense  is  one 
thing  and  actual  war  conditions  another.  Many  of 
the  products  now  being  made  of  metals  or  other 
materials  would  have  to  be  produced  in  wood  in 
case  of  actual  war.  I  am  afraid  that  as  long  as  con¬ 
ditions  exist  as  they  do  today  it  will  be  hard  to  con¬ 
vince  the  lumber  industry  of  the  importance  of 
improved  utilization. 

Mr.  X:  Is  it  possible  to  classify  logs  for  end  use  ? 
A  good  example  .is  the  wood  truck  body  program 
of  World  War  II.  The  majority  of  the  lumber  re¬ 
quired  for  this  program,  for  the  manufacture  of 
sills,  w;as  between  83  and  89  inches  in  length.  If 
all  the  logs  had  been  cut  into  8-foot  lengths  before 
sawing,  practically  the  entire  product  of  the  log, 
including  the  No.  2  and  even  some  3A  common 
boards  could  have  been  used  for  the  purpose  in¬ 
tended.  Because  standard  length  lumber  was  used, 
and  no  particular  attention  paid  to  the  length  of 
cutting,  the  utility  of  the  lumber  in  conversion  aver¬ 
aged  less  than  50  percent.  These  are  the  things  that 
must  be  avoided.  In  a  case  of  this  kind,  you  can 
start  with  the  tree  and  think  of  the  logs  to  be  cut 
in  terms  of  the  product  to  be  made. 

C.  D.  Dosker:  Yes.  It  is  possible  to  classify  logs 
for  end  use  and  to  avoid  much  of  the  waste  in  con¬ 
version  of  logs.  Classification  is  a  primary  conver¬ 
sion  problem. 

Mr.  X:  Is  it  possible,  within  a  reasonable  space 
of  time,  to  train  men  for  the  job  of  selection  of 
logs  for  end  use? 

C.  D.  Dosker:  I  believe  it  is  possible  to  train 
men  for  the  job  of  selecting  logs  for  end  use.  It  is 
a  job,  however,  that  would  require  probably  a  year 
and  a  half  of  intensive  training.  In  the  secondary 
conversion  of  forest  products  it  will  be  necessary 
first  to  make  a  breakdown  into  two  groups — soft¬ 
woods  and  hardwoods.  These  groups  first  would 
have  to  study  the  conversion  of  logs  into  their 
secondary  products  of  lumber  and  veneer.  They 


should  be  able  to  identify  log  types  and  the  prod¬ 
ucts  which  the  logs  provide.  Two  or  three  months 
of  intensive  training  should  give  a  man  a  pretty 
good  idea  of  the  external  and  visible  defects  on  the 
surface  of  a  tree  and  how  those  defects  effect  the 
product  of  that  tree.  It  would  then  be  necessary  to 
study  the  use  of  these  secondary  products.  In  the 
case  of  softwoods  their  conversion  in  millwork 
plants,  box  plants,  and  other  plants  converting  these 
secondary  forest  products  into  end  products.  In  the 
case  of  hardwoods,  the  same  would  apply,  although 
the  problem  is  more  difficult  in  hardwoods  than  in 
softwoods. 

These  men  would  then  have  to  study  potential 
markets  for  the  various  products  into  which  lumber 
is  manufactured.  Market  conditions  would  have  a 
large  effect  on  determining  whether  a  log  should  go 
to  a  veneer  mill  or  a  sawmill.  This  would  be  espe¬ 
cially  true  when  the  logs  are  of  such  character  as  to 
be  border-line  in  quality. 

This  is  an  over-all  problem  of  the  forest  products 
industries.  It  is  a  problem  that  involves  the  ply¬ 
wood  manufacturers,  the  sawmills,  the  railroad  tie 
manufacturers  and  the  pulp  manufacturers.  We 
glibly  talk  of  "Trees  for  Tomorrow’’,  but  we  had 
better  begin  to  think  of  how  we  are  going  to  best 
utilize  those  trees,  in  order  to  make  their  growing 
most  profitable.  Second-growth  timber  presents 
major  problems  in  conversion  unless  the  timber  is 
grown  under  the  most  ideal  conditions. 

Mr.  X:  What  kind  of  a  training  program  can  be 
instituted  in  order  that  the  small-mill  operator  may 
properly  saw  logs  with  improved  precision  to  avoid 
waste  in  the  mis-manufacture,  and  what  type  of 
agency  should  be  charged  with  this  responsibility? 

Mr.  Dosker:  In  order  to  organize  a  training  pro¬ 
gram  that  will  be  popular  with  the  small-mill  oper¬ 
ator,  I  believe  it  will  be  necessary  to  enlist  the  sup¬ 
port  of  the  State  Foresters,  the  manufacturers  of 
small  circular  saw  mills,  and  the  County  Agents, 
backed  by  the  various  regional  lumber  producing 
agencies. 

I  do  not  believe  that  any  man  converting  a  tree 
into  lumber  mis-manufactures  it  deliberately.  In 
many  cases  they  do  not  have  the  money  to  properly 
maintain  the  sawing  equipment  and  do  not  under¬ 
stand  the  importance  "dollar- wise”  of  proper  manu¬ 
facture. 

People  generally  fail  to  realize  that  the  consumer 
of  lumber  does  not  buy  boards  by  grades.  He  is 
buying  utility  and  can  afford  to  pay  higher  prices 
for  a  higher  yield.  Here  again  we  have  the  problem 
of  the  lack  of  trained  personnel  to  conduct  instruc¬ 
tion  courses.  These  literally  should  be  on  a  county 
basis  in  order  to  insure  the  attendance  of  the  small- 
mill  operators. 

It  is  the  responsibility  of  everyone  interested  in 
wood  to  see  that  better  utilization  is  obtained  from 
every  tree  converted. 
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Mr.  X:  What  efforts  can  be  undertaken  to  insti¬ 
tute  organized  research  in  an  effort  to  reduce  saw 
kerf  in  the  manufacture  of  lumber  from  logs? 

C.  D.  Dosker:  The  wholehearted  support  of  the 
manufacturers  of  saws  and  sawmill  machinery  is 
necessary  to  develop  an  organized  program  to  im- 
rove  the  mechanical  breakdown  of  logs  into  their 
yproducts. 

I  believe  much  can  be  accomplished  to  this  end 
if  a  special  meeting  of  the  Forest  Products  Research 
Society  and  the  machinery  manufacturers  were 
called  in  which  all  members  of  the  Forest  Products 
Research  Society  interested  in  this  particular  prob¬ 
lem  could  participate.  From  such  a  meeting  a  pro¬ 
gramming  committee  could  be  set  up  which  would 
organize  a  plan  for  doing  the  necessary  research. 

This  should  be  a  project  jointly  sponsored  by  the 
saw  and  machinery  manufacturers  and  the  lumber 
industry  itself.  It  is  to  the  advantage  of  all  that 
improved  methods,  producing  less  waste,  be  devel¬ 
oped. 

Mr.  X:  What  efforts  can  be  made  to  insure  better 
handling  of  small-mill  lumber  after  manufacture  to 
prevent  stain  and  degrade  due  to  warping  and 
twisting? 

C.  D.  Dosker:  Much  literature  has  been  pub¬ 
lished  on  the  handling  of  small-mill  lumber  to  pre¬ 
vent  stain  and  degrade  after  manufacture.  The 
important  thing  is  to  get  this  information  into  the 


hands  of  the  small-mill  operator  and  see  that  he 
understands  that  it  is  to  his  advantage  financially 
to  take  better  care  of  his  lumber  both  in  manufac¬ 
ture  and  seasoning. 

This  is  a  joint  effort  in  which  I  believe  that  State 
Foresters  through  their  organizations  and  with  the 
assistance  of  the  County  Agricultural  Agents,  as 
well  as  technical  help  of  the  United  States  Forest 
Service  can  be  combined  to  produce  results. 

Mr.  X:  Should  the  forestry  schools  be  charged 
with  the  responsibility  for  training  both  students 
and  men  from  industry  in  the  relatively  simple 
operations  of  quality  control  and  shear  testing  in 
gluing  materials  for  military  use? 

C.  D.  Dosker:  No,  I  do  not  believe  that  all  For¬ 
estry  Schools  are  qualified  to  be  charged  with  the 
responsibility  for  training  students  and  industrial 
personnel  in  quality  control  and  shear  testing  of 
glued  material  for  military  use.  Certain  qualified 
schools  should  be  selected,  and  short  courses  of 
probably  one  week’s  duration  shoiJd  be  offered  to 
industry  representatives  for  training  in  quality  con¬ 
trol  and  testing.  Quality  control  is  not  necessarily 
simple.  It  depends  entirely  upon  the  product  being 
made. 

It  is  also  a  responsibility  of  the  military,  espe¬ 
cially  the  procuring  agencies,  to  train  inspectors  for 
this  purpose.  It  is  in  this  category  that  men  with 
previous  training  now  in  the  military  service  should 
be  selected  for  these  important  jobs. 
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The  purpose  of  this  paper  is  to  describe  some  of  the  measures  that  have  been  and  are  being  taken  by  the  Corps  of 
Engineers  as  the  lumber  procurement  agency  of  the  Department  of  Defense  to  make  effective  use  of  and  to  conserve 
the  available  lumber  supply.  The  author  discusses  the  survey  being  made  of  military  establishments  to  determine  lumber 
needs  and  uses,  proper  requisitioning  of  species  and  grades,  and  specification  limitations.  Information  is  also  included 
on  the  status  of  military  specifications  for  boxes  and  crates  and  the  development  of  new  sheathed  and  unsheathed  crates. 


Introduction 

This  paper  is  presented  by  the  author  as  a  repre¬ 
sentative  of  the  Engineer  Research  and  Devel¬ 
opment  Laboratories,  Corps  of  Engineers,  Depart¬ 
ment  of  the  Army,  As  the  major  lumber  procure¬ 
ment  agency  of  the  Department  of  Defense,  the 
Corps  of  Engineers  has  a  vital  interest  in,  and  a 
definite  responsibility  for  the  conservation  of  the 
available  lumber  supply.  It  is  with  this  interest,  and 
this  responsibility  in  mind,  that  the  following  is 
submitted  for  your  consideration. 

Almost  daily  you  find  headlines  and  articles  in 
the  newspapers  on  iron  and  steel;  the  supply,  the 
allocation  and  the  shortages.  In  contrast,  little  is 
noted  about  wood  except  possibly  as  affecting  the 
building  industry.  Nevertheless,  wood  is  a  critical 
war  material.  The  public  mind  easily  visualizes  iron 
and  steel  in  the  form  of  tanks,  guns,  trucks  and 
shells.  Possibly  because  fighting  is  no  longer  done 
with  bows  and  arrows,  the  place  of  wood  as  a  muni¬ 
tions  item  is  not  so  readily  pictured.  Even  though 
its  place  is  less  dramatic,  it  is  no  less  vital.  Explo¬ 
sives,  ammunition, guns,  equipment  and  repair 
parts,  and  a  host  of  other  supply  items  must  be 
shipped  to  the  fighting  front  and  to  supporting 
bases  behind  the  lines.  This  is  where  wood,  or  lum¬ 
ber,  predominantly  enters  the  picture  as  an  essential 
material  for  the  boxes,  crates,  pallets,  kegs,  and 
barrels  required  to  handle,  move  and  store  the 
materiel.  Without  these,  the  more  glamorous  iron 
and  steel  would  be  useless.  To  further  emphasize 
this  importance  of  wood  as  a  war  material,  it  is 
interesting  to  note  that  during  .  World  War  II  a 
greater  tonnage  of  lumber  was  used  than  of  steel 
products. 

Need  creates  demand.  Where  demand  exceeds 
supply  in  wartime,  critical  situations  result.  It  then 
becomes  essential  that  the  greatest  possible  use  be 
made  of  available  supply.  This  is  no  less  desirable 
in  peacetime  in  the  interest  of  economy  and  the 
conservation  of  material  resources. 


Survey  of  Military  Lumber  Usage 

Some  time  ago,  the  Corps  of  Engineers,  in  its 
procurement  responsibility,  initiated  action  in  the 
interest  of  conservation  and  economy  within  the 
Defense  Program.  Utilizing  the  technical  knowledge 
and  experience  of  the  U.  S.  Forest  Products  Labo¬ 
ratory,  a  survey  is  currently  being  conducted  of  all 
Department  of  Defense  establishments  which  requi¬ 
sition  and  use  lumber.  The  prime  purpose  of  the 
survey  is  to  determine  quantity  used,  purpose  for 
which  used,  and  species,  grades  and  sizes  custo¬ 
marily  requisitioned  for  these  uses. 

It  is  not  the  intention  from  the  results  of  this 
survey  to  dictate  to  any  individual  user  the  kind, 
grade  or  size  lumber  to  be  used  for  any  specific  pur¬ 
pose.  Each  service  is  its  own  judge  of  such  matters 
based  on  its  functional  responsibilities  and  the  tech¬ 
nical  needs  for  carrying  them  out.  It  is  anticipated, 
however,  that  a  comparison  of  survey  data  and  mar¬ 
ket  conditions  will  bring  to  light  reasons  for  any 
existing  bottlenecks  in  lumber  supply  channels. 

A  further  result  hoped  for  from  the  survey  is  a 
means  for  education  of  personnel  having  requisi¬ 
tioning  responsibility  in  the  possibilities  of  broader 
use  of  the  various  wood  species,  use  of  lowest  grades 
consistent  with  end  requirements,  and  procurement 
of  minimum  and  ranaom  sizes  rather  than  fixed 
specific  lengths  and  widths. 

Means  for  Conservation  of  Lumber 

Efficient  and  economical  use  of  lumber  supply 
can  be  accomplished  in  several  ways,  each  of  which 
is  equally  important: 

Broadening  of  Requirements  in  Specifications 

Efficient  and  economical  use  of  available  supply 
can  be  obtained  by  incorporating  the  broadest  pos¬ 
sible  requirements  in  specifications.  Such  require¬ 
ments  are  fundamentally  based  on  design  and  end 
use  of  the  item  but  even  these  do  not  ordinarily 
necessitate  narrow  limitations  in  the  material  to  be 
used. 
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Species  and  Grades 

Measures  should  be  taken  to  insure  that  requisi¬ 
tions  for  lumber  procurement  set  up  requirements 
with  respect  to  species,  grades,  and  sizes  that  are  as 
broad  as  are  permissible  under  the  specifications 
covering  the  end  use  of  the  lumber.  As  an  example, 
if  a  container  specification  permits  the  use  of  lumber 
from  several  wood  groups,  the  requisition  should 
not  limit  the  requirements  to  a  single  species,  or 
two  or  three  selected  species,  with  such  selection 
based  on  personal  prejudices  or  preferences.  This 
also  applies  to  grades  and  sizes.  Acceptance  of  the 
broadest  possible  selection  of  species,  grades,  and 
sizes  assists  the  procurement  office  in  filling  the 
requisition  most  advantageously  and  economically 
under  the  current  market  conditions.  This  is  par¬ 
ticularly  true  with  respect  to  relative  locations  of 
points  of  supply  and  delivery  in  the  interest  of  short 
hauls. 

Maximum  use  of  the  many  species  included  in 
the  various  lumber  groups  should  be  permitted.  A 
requirement  should  not  be  limited  to  oak  when  pos¬ 
sibly  any  hardwood  could  serve  the  purpose,  nor  to 
pine  when  any  Group  I  or  Group  II  species  might 
do.  This  similarly  applies  to  grades  or  quality. 
Requirements  should  follow  as  closely  as  possible 
established  commercial  grades  rather  than  include 
some  restrictions  necessitating  a  special  selective 
grading  unless  there  is  some  essential  technical  need 
therefor. 

Sizes  and  Quality 

Undoubtedly  the  most  important  means  of  con¬ 
servation  is  to  so  design  the  end  item  or  consider 
the  end  usage  of  the  wood  or  lumber  that  excessive 
use  or  wastage  is  eliminated.  This  applies  especially 
to  items  comprising  numerous  wooden  members 
where  it  is  very  easy,  and  quite  common  practice, 
to  use  members  all  of  one  size,  thickness,  or  quality. 
Gire  should  be  taken  in  design  of  such  items  that 
the  various  members  are  of  sizes  no  larger  than 
necessary  to  perform  their  particular  function  in  the 
assembly.  This  feature  of  design  is  particularly 
important  in  connection  with  military  usages  where 
quantities  involved  may  run  to  very  high  totals. 

Care  in  Design 

Probably  the  most  effective  means  of  achieving 
economy  and  conservation  of  lumber  lies  in  apply¬ 
ing  intelligent  engineering  in  design.  There  is  much 
more  to  development  of  standard  designs  of  wood 
shipping  containers  than  having  a  draftsman  draw 
some  nice  looking  straight  lines  with  a  few  dimen¬ 
sions  around  them  and  casual  reference  to  "nom¬ 
inal”  sizes.  A  lot  of  study  and  work  is  necessary,  or 
should  be.  It  is  here  that  the  packaging  laboratories 
of  the  various  Military  Services,  such  as  the  Engi¬ 
neer  Research  and  Development  Laboratories  at 
Fort  Belvoir,  Virginia  are  able  to  contribute  answers 
to  some  of  the  innumerable  factors  involved  in 
military  supply  which  ultimately  effects  container 
requirements. 


Comparatively  few  wooden  containers,  for  mili¬ 
tary  use,  are  procured  and  stocked  in  a  standard 
range  of  sizes  and  types  for  general  application  to 
the  packaging  of  any  variety  of  supply  items.  It  is 
true  that  several  standard  types  of  wooden  contain¬ 
ers,  or  partially  wooden  containers,  have  been  de¬ 
signed  and  classified  for  use  within  certain  weight 
ranges  and  for  specific  types  of  loads;  but  before 
even  these  standard  type  containers  are  selected  and 
specific  dimensions  established,  a  lot  of  conditions 
must  be  looked  into.  Conditions  both  inside  and 
outside  the  container  affect  the  ultimate  design 
details. 

Those  conditions  from  inside  the  container  which 
most  generally  effect  its  size  and  type  are  primarily 
based  on  the  nature  of  the  contents;  "Are  they  light 
and  bulky.?  Fragile.?  Of  heavy  concentrated  weight? 
Of  heavy  weight  and  extensive  size?  Are  they  loose 
items  or  prepackaged?  Do  they  require  cushioning, 
blocking  and  tie-down  ?  Do  they  permit  a  tight  pack 
or  require  clearance?  Do  they  need  protection 
against  water,  sand,  mud,  snow,  wind,  or  pilfer¬ 
age?”  Some  of  these  are  factors  in  the  determination 
of  an  open  or  closed  type  of  container. 

Conditions  to  be  met  on  the  outside  of  the  con¬ 
tainer  cannot  usually  be  exactly  predetermined  as 
ultimate  destination  is  usually  unknown.  To  be  con¬ 
sidered  are:  hazards  of  handling  by  hand,  by  fork 
lift,  by  ship,  by  grab  hooks,  by  cargo  nets  or  push¬ 
ing  and  dragging  with  a  tractor;  hazards  of  trans¬ 
portation,  which  may  be  by  truck,  by  rail,  by  ship, 
by  airplane,  by  landing  craft  or  even  by  mule  pack; 
there  may  be  periods  of  storage  in  the  open,  ex¬ 
posed  to  the  elements,  to  extreme  heat,  extreme 
cold,  extreme  wet,  dry  or  humid  conditions,  or 
cycling  combinations  of  several  of  these.  The  boxed 
material  may  be  neatly  stacked  in  high  lifts  or 
hastily  dumped  in  mixed  piles. 

With  all  the  above  facts  to  be  considered,  design 
for  conservation  of  lumber  would  not  appear  to 
stand  much  chance  for  consideration,  but  it  does. 
It  is  the  very  existance  of  all  these  conditions  which 
must  be  met  that  brings  about  design  study  for  the 
packaging  of  each  specific  item  and  the  ultimate 
selection  of  the  container  which  can  be  expected  to 
give  the  necessary  protection  and  also  result  in  a 
conservation  of  lumber. 

Practically  all  packing  of  military  supplies  and 
equipment  is  specification  packing.  This  means  that 
some  packaging  laboratory,  military  depot  or  manu¬ 
facturer  with  military  agency  approval,  has  studied 
the  item  involved  and  selected  the  particular  con¬ 
tainer  needed  to  meet  all  pertinent  conditions.  Safe 
arrival  in  usable  condition  is  a  paramount  military 
requirement  but  it  is  no  reason  why  waste  cannot  be 
avoided. 

Container  Specifications 

Specifications  have  been  mentioned  several  times. 
These,  like  many  of  the  laws  of  our  land,  are  greatly 
disliked  in  some  circles  but,  also  like  laws,  serve  to 
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establish  certain  levels  of  performance.  A  specifica¬ 
tion  should  not  be  looked  upon  as  a  necessary  evil 
but  rather  as  a  tool  required  to  produce  a  specific 
result;  and,  it  is  through  specification  requirements 
that  most  of  the  eflForts  toward  conservation  and 
economy  can  be  put  into  effect. 

In  order  to  show  action  being  taken  in  the  Mili¬ 
tary  Establishment  and  having  a  bearing  on  conser¬ 
vation  of  lumber,  it  is  necessary  to  mention  certain 
specifications  common  to  all  the  services  and  cur¬ 
rently  in  use  covering  the  constructive  requirements 
for  several  general  purpose  types  of  boxes  and 
crates.  These  are  well  known  to  various  suppliers 
of  military  supplies  and  equipment  as  well  as  to  the 
box  and  crate  industry. 

JAN-P-105 — Wood-cleated  Plywood  Boxes. 

JAN-P-106 — Nailed  Wood  Boxes. 

JAN-B-107 — ^Wirebound  Wood  Boxes. 

JAN-P-104 — Nailed  Wood  Sheathed  Crates. 

JAN- P-1 32 — Nailed  Wood  Unsheathed  Crates. 

There  are  numerous  other  specifications  covering 
containers  partially  of  wood  construction,  or  peculiar 
to  some  individual  service  or  to  some  particular 
item  and  which  cannot  be  considered  as  for  general 
purpose  use,  so  are  not  mentioned. 

Now  specifications,  again  like  tools,  must  be 
maintained,  kept  sharp  for  effective  use  by  revision 
to  meet  changing  needs  and  conditions,  new  ex¬ 
perience,  data,  or  improvements  in  design.  The 
specifications  listed  above  are  currently  in  such  a 
process  of  improvement.  The  proposed  changes  and 
reasons  therefor  will  be  explained  as  of  probable 
interest  to  those  of  you  having  contact  with  military 
supply. 

Specification  JAN-P-105,  covering  construction  of 
Wood-CIeated  Plywood  Boxes,  in  itself  is  not  being 
revised  but  will  be  benefited  by  revision  now  in 
process  of  Specification  JAN-P-139  which  covers 
Container  Grade  Plywood.  The  latter  specification  is 
being  so  changed  that  veneer  requirements  will 
more  nearly  conform  to  established  commercial 
grades  and  thus  avoid  the  need  for  a  special  grading 
to  meet  specification  requirements. 

Specification  JAN-P-107,  which  covers  construc¬ 
tion  of  Wirebound  Wood  Boxes,  is  currently  in 
process  of  revision  by  the  Quartermaster  Corps  cus¬ 
todian  to  incorporate  improvements  proposed  by 
the  Wirebound  Box  Manufacturers’  Association. 

Specification  JAN-P-106,  for  Nailed  Wood 
Boxes,  is  currently  in  process  of  amendment  to  in¬ 
corporate  improvements  and  expansion  of  its  field 
of  use  as  explained  later. 

General  Purpose  Crates 

The  Corps  of  Engineers  was  assigned  some  time 
ago  the  custodianship  and  responsibility  for  devel¬ 
opment  and  maintenance  of  specifications  for  gen¬ 
eral  purpose  crates  common  to  the  various  services 
of  the  Department  of  Defense.  In  carrying  out  this 
assignment,  use  has  been  made  of  the  extensive  test 


facilities  of  the  Packaging  Development  Laboratory 
at  Fort  Belvoir,  Virginia. 

Prior  to  the  assignment  of  the  above  responsi¬ 
bility,  the  Corps  of  Engineers  had  determined  that 
certain  inadequacies  existed  in  the  design  of  nailed 
wood  boxes  for  contents,  particularly  of  concen¬ 
trated  weight,  or  of  large  size,  in  the  weight  range 
between  500  and  1,000  pounds.  Because  of  these 
deficiencies,  such  items  were  being  packed  in  nailed 
wood  sheathed  crates  (Specification  JAN-P-104). 
A  further  determination  had  been  made  that  the 
design  requirements  of  the  latter  specification  for 
weight  of  contents  under  2,500  pounds  were  ex¬ 
cessive  and  wasteful  of  lumber.  As  a  result  of  these 
determinations,  a  project  was  set  up  to  establish 
design  requirements  for  the  reinforcement  of  nailed 
wood  boxes  in  the  500  to  1,000  pound  range  and 
for  an  intermediate  nailed  wood  sheathed  crate  in 
the  500  to  3,000  pound  range.  This  project  has  been 
completed. 

The  changes  proposed  in  Specification  JAN-P- 
106,  resulting  from  this  project,  are  specific  require¬ 
ments  for  the  use  under  certain  conditions  of 
heavier  bottom  or  floor  boards  and  of  additional 
battens  and  skids  under  items  of  concentrated 
weight  which  require  bolting  down  or  anchoring. 
This  pertains  especially  to  items  for  which  clearance 
is  desirable  away  from  tops,  sides  and  ends  of  a 
container.  These  changes  will  permit  the  use  of  such 
boxes  rather  than  crates  with  the  resultant  saving 
of  the  major  part  of  the  lumber  ordinarily  used  in  a 
crate  structure. 

The  intermediate  crate  which  resulted  from  this 
project  is  of  a  design  which  more  effectively  incor¬ 
porates  the  sheathing  of  the  crate  into  the  struc¬ 
tural  design.  The  result  of  this  design  is  a  33  per¬ 
cent  reduction  in  the  lumber  required  for  some 
sizes  of  crates  and  a  minimum  reduction  of  not  less 
than  10  percent.  The  design  resulted  from  analysis 
of  current  specifications  for  crates  which  indicated 
that  the  sheathing  usually  served  no  function  in  the 
structural  design.  The  fallacy  on  sheathing  has  been 
that  its  function  was  only  considered  as  serving  to 
provide  a  protective  shield  or  screen  for  the  items 
contained  in  the  crate.  Analysis  of  the  actual  func¬ 
tions  of  sheathing  indicates  the  following:  Sheath¬ 
ing  provides  means  for  positioning  and  interlocking 
the  frame  members;  serves  as  gusset  plates  at  junc¬ 
tions  of  frame  members;  serves  as  the  only  tension 
members  of  the  sides  when  the  crate  is  lifted  by 
grabhooks.  In  most  instances,  the  compression 
strength  of  the  sheathing  exceeds  that  of  the  frame 
members  and  by  using  this  compression  strength  in 
the  structural  design  the  size  and  number  of  frame 
members  can  be  reduced.  Also,  the  proper  use  of 
horizontal  joist  supports  distributes  the  load  of  the 
top  to  the  sides  and  allows  increased  space  between 
roof  joists.  The  double  sheathed  top  design  also 
allows  for  greater  spacing  of  the  top  joists  and 
saves  material.  The  crate  base  construction  is  lighter 
because  the  use  of  sheathing  as  a  structural  portion 


LUMBER  CONSERVATION  IN  CONTAINER  DESIGN 


71 


of  the  crate  reduces  the  deflection  of  the  base  which 
is  the  cause  of  most  base  failures.  Crate  bases  of 
previous  crate  designs  were  constructed  to  support 
the  load  during  handling  prior  to  complete  fabri¬ 
cation  of  the  crate. 

A  less  substantial  base  can  be  used  if  no  handling 
is  involved  prior  to  complete  fabrication  of  the 
crate.  This  can  be  seen  in  the  fact  that  the  entire 
side  panel  and  outer  skid  are  then  a  portion  of  the 
supporting  beam.  The  section  of  the  beam  becomes 
quite  large  and  the  deflection  is  negligible;  however, 
as  the  length  of  the  container  increases,  the  nailing 
or  fastenings  of  the  sheathing  to  the  base  are  placed 
under  increasing  shear  stress.  At  increased  length 
two  types  of  fastening  failures  occur,  one  is  bending 
or  pulling  the  fasteners  out  of  the  skid  and  the 
second  is  separation  of  the  wood  fibers  of  the  skids 
by  the  fasteners.  A  large  lumber  saving  can  be  made 
in  the  base  if  the  procuring  agencies  will  determine 
whether  or  not  the  2-inch  flooring  in  the  fork-lift 
truck  finger  areas  is  necessary.  The  heavy  flooring 
is  not  required  when  uniform  loads  exist  in  these 
areas.  The  draft  of  the  specification  is  now  in 
process  of  coordination  prior  to  publication. 

Specification  JAN-P-104  covering  Nailed  Wood 
Sheathed  Crates  is  also  in  process  of  revision. 
Changes  as  proposed  by  other  Services  and  by  the 
Forest  Products  Laboratory  provide  for  a  reduction 
in  roof  load  capacity  from  175  pounds  per  square 
foot  of  roof  area  to  100  pounds  per  square  foot 
with  a  resultant  reduction  in  the  size  and  spacing  of 
some  frame  members.  Provision  is  also  being  made 
for  fabrication  of  this  type  of  crate  as  a  demount¬ 
able  container  for  reuse.  Where  such  reuse  is  prac¬ 
ticable,  a  considerable  saving  in  lumber  should 
result. 

The  use  of  open  crates  with  or  without  liners  can 
provide  an  acceptable  container  in  many  instances 
and  also  produce  large  economies  in  lumber  con¬ 
sumption. 

Specification  JAN-P-132  for  open  crates  up  to 
2,500  pounds  capacity  is  currently  under  study  for 
increase  in  its  range  of  usefulness  in  addition  to 
the  provision  of  more  specific  design  details. 

Drafts  of  a  new  specification  for  open  crates  '>f 
larger  capacity  are  in  process  of  acceptance  by  the 
Military  Establishment.  This  includes  design  re¬ 
quirements  developed  by  the  Forest  Products  Lab¬ 
oratory  providing  for  contents  of  weights  in  excess 
of  2,500  pounds  which  is  the  top  limit  for  Speci¬ 
fication  JAN-P-132  crates.  Provision  is  made  for 
two  designs  in  separate  weight  ranges  and  for  both 
nailed  or  demountable  construction.  The  crate  of 
lower  capacity,  2,500  to  10,000  pounds,  is  a  varia¬ 
tion  of  the  standard  crate  design  in  Specification 
JAN-P-104.  The  design  merely  removes  those  por¬ 
tions  of  the  sheathing  which  are  not  used  to  inter¬ 
lock  frame  members  and  adds  plywood  gussets  at 


several  other  weak  points.  The  crate  design  for 
larger  capacity,  2,500  to  30,000  pounds,  is  a  radical 
change  in  design  from  any  previous  military  crate. 
The  side  panels  are  formed  by  horizontal  members 
and  two  sets  of  diagonals.  The  diagonals  are  placed 
on  either  side  of  the  horizontal  frame  members  and 
in  opposite  directions,  forming  a  strong  structure 
capable  of  carrying  the  required  superimposed  load. 
The  base  is  substantially  constructed;  however,  floor 
members  are  replaced  with  diagonals  when  possible. 
The  top  and  ends  are  double  diagonal  or  "X”  panels 
framed  on  4  by  4  timbers. 

The  design  has  many  good  features  as  it  has  made 
it  possible  to  use  open  crates  on  heavy  items  of 
equipment  which  were  not  so  provided  before. 

Wood  Substitutes  in  Crate  and  Box 
Construction 

The  Corps  of  Engineers  is  actively  engaged  in  the 
search  for  substantial  wood  substitutes  to  be  used 
in  container  designs.  The  Engineer  Research  and 
Development  Laboratories  at  Fort  Belvoir,  Virginia, 
are  currently  evaluating  and  testing  several  such  ma¬ 
terials.  Each  of  the  materials  have  certain  good 
properties,  but,  few  of  the  materials  have  the  com¬ 
plete  properties  of  lumber.  Some  materials  have 
been  combined  with  lumber  to  provide  suitable 
shipping  containers,  others  can  be  used  alone  if 
strict  control  is  applied  to  their  use. 

Incorporation  of  wood  substitutes  for  lumber 
sheathing  of  crates  will  force  certain  new  structural 
designs  in  the  crates.  Minor  substitutions  can  be 
made  on  present  crate  designs,  such  as  replacing  the 
top  layer  of  sheathing  on  a  double  sheathed  top  and 
the  end  panel  sheathing,  without  causing  structural 
weaknesses.  Boxes  constructed  of  combinations  of 
substitute  materials  with  battens,  wooden  ends  and 
strapping  have  proven  acceptable  through  perform¬ 
ance  tests.  Current  plywood  box  specifications  per¬ 
mit  the  use  of  substitute  materials  for  panels  with 
strict  limitations  as  to  the  quality  and  thickness  of 
the  material. 

The  use  of  wood  substitutes  for  lumber  in  con¬ 
structing  boxes  will  produce  a  greater  saving  in 
lumber  than  if  they  were  used  on  crates.  Boxes  com¬ 
prise  the  largest  portion  of  the  shipping  containers 
and  are  the  least  economical  from  the  standpoint  of 
conservation  of  lumber  and  are  inefficient  in  that 
they  require  more  footage  for  a  given  amount  of 
cubage  than  do  crates.  Containers  which  can  be  car¬ 
ried  by  an  individual  man  are  a  most  common  size, 
with  weight  limitations  of  70  pounds  or  less.  Boxes 
for  loads  of  this  weight  can  be  constructed  of  sub¬ 
stitute  materials  and  still  meet  the  performance  re¬ 
quirements  for  overseas  shipping  containers.  The 
material  used  in  boxes  has  no  useful  purpose  other 
than  fuel  upon  use  of  its  contents;  however,  this  is 
not  true  of  crates. 
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Salvage  ot  Crate  Material 

The  usefulness  of  crates  does  not  end  when  the 
contents  are  removed.  Combat  construction  battalions 
have  used  the  larger  containers  for  construction  pur¬ 
poses.  The  heavy  bases  have  been  used  for  bricfges, 
shoring  of  damaged  bridge  structures,  and  shelters. 

During  World  War  II  requests  were  made  that 
more  heavy  timbers  be  used  in  large  crate  buses  so 
that  they  would  be  available  in  front  line  areas. 
The  reasoning  was  quite  sound  because  the  space 


Discussion 

Kauko  Kuoppa-Maki  (ERDL,  Fort  Belvair,  Vir¬ 
ginia)  :  Speaking  of  handling,  what  effect  do  the 
new  methods  of  handling  have  on  conservation  of 
lumber  in  crate  design? 

Mr.  Sargeant:  Handling  has  a  great  deal  of  effect 
as  crate  design  must  be  such  as  to  meet  the  worst 
conditions  anticipated.  If  one  could  be  assured  that 
all  crates  would  be  lifted  by  two  properly  placed 
slings  under  skids  and  that  spreader  bars  would  be 
used;  or  that  no  box-hooks  would  be  used;  or  that 
slings  would  not  be  placed  around  sides  and  ends, 
as  recently  was  encountered,  instead  of  under  the 
bottom;  without  doubt  a  considerable  saving  in 
lumber  could  be  effected  in  crate  design. 

Earl  R.  Stivers  (Stapling  Machines  Company) : 
What  steps  are  you  taking  to  assure  the  proper  use 
of  containers — such  as  correct  packing  and  closing? 

Mr.  Sargeant:  It  is  the  responsibility  of  the  pro¬ 
curement  office  to  carry  out  the  intent  of  the  speci¬ 
fications. 

E.  George  Stern  (Virginia  Polytechnic  Institute)  : 
Has  consideration  been  given  to  the  use  of  special 
nails  in  smaller  sizes  in  the  manufacture  of  boxes 
and  crates? 

Mr.  Sargeant:  This  question  is  not  being  consid¬ 
ered  by  the  military  at  the  present  time.  Some  work 
along  this  line  has  been  dcme  by  the  Forest  Products 
Laboratory. 

Mr.  Stern:  What  work  has  been  done  in  revising 
specifications  for  containers  in  light  of  the  avail- 
aoility  of  the  improved  threaded-shank  nails? 

Mr.  Sargeant:  Since  the  holding  power  of  these 
nails  is  so  much  greater  than  that  of  plain-shank 
nails,  smaller-size  threaded-shank  nails  might  be 
employed  which  in  turn,  would  allow  use  of  thinner 
lumber  and  result  in  saving  of  lumber.  Reference 
is  made  to  the  Paper  (No.  180)  on  "Nails  and 
Screws  in  Wood  Assembly  and  Construction,” 
which  contains  basic  information  on  the  compara¬ 
tive  holding  power  of  plain-shank  and  threaded- 
shank  nails  and  wood  screws. 


required  for  a  crate  was  not  increased  by  attaching 
more  skids,  shipping  space  was  at  a  premium  and 
lumber  storage  was  concentrated  too  far  from  the 
combat  areas  for  use;  therefore,  this  means  of  supply 
was  very  logical. 

It  is  felt  that  the  measures  outlined  above,  all  of 
which  are  in  a  near  state  of  accomplishment,  consti¬ 
tute  definite  progress  towards  maximum  effective  use 
of  the  available  lumber  supply  and  possibilities  of 
considerable  conservation  of  this  supply  to  make  it 
available  for  other  uses  than  as  containers. 


Armin  Elmendorf  (Elmendorf  Research  Inc.) : 
Crates  weighing  less  than  500  pounds  should  pro¬ 
tect  the  contents  and  also  provide  holding  area. 
What  are  the  relative  merits  of  the  braced  frame 
crate,  with  the  contents  covered,  versus  the  plywood 
sheathed  crate. 

Mr.  Sargeant:  This  naturally  depends  on  the 
nature  of  the  equipment.  For  equipment  which  does 
not  require  high  protection  from  moisture,  an  open 
crate  can  provide  adequate  protection  from  mechan¬ 
ical  damage  and  facilitate  handling,  stowage  and 
storage.  If  protection  against  water  and  pilferage 
is  essential,  a  fully  sheathed  crate  should  be  used. 
In  the  interest  of  lumber  conservation  however,  the 
military  services  are  giving  increased  attention  to 
possible  greater  use  of  open  crates,  and  also  of 
partial  housings  over  critical  parts  of  equipment  in 
lieu  of  crates. 

J.  R.  Watkins  (Watkins  Patents,  Inc.) :  You 
made  no  mention  of  specification  JAN-P-108  for 
fibreboard  boxes.  Is  a  revision  of  this  specification 
being  considered? 

Mr.  Sargeant:  Revision  of  specification  JAN-P- 
108,  which  covers  fibreboard  boxes  of  either  V  or 
W  board,  is  not  in  the  program  at  this  time  as  it 
is  considered  to  be  satisfactory  both  for  interior 
and  exterior  containers.  It  is  thought  that  greater 
use  should  be  made  of  proper  type  fibreboard  con¬ 
tainers  in  lieu  of  wood  boxes  where  type  of  load 
permits. 

R.  C.  Fraunberger  (Philco  Corporation) :  You 
mention  training  the  inspection  personnel  in  the 
intelligent  use  of  the  specifications.  Do  you  have  a 
definite  action  program  to  accomplish  this?  Con¬ 
servation  of  lumber  should  be  two-fold;  size  and 
quality.  What  is  being  done  to  accomplish  this? 

Mr.  Sargeant:  It  is  recognized  that  inspectors 
sometimes  tend  to  be  somewhat  arbitrary  and  accept 
only  the  best  material.  Training  schools  for  in¬ 
spectors  are  now  underway  at  Toledo,  Ohio  (Army 
Ordnance)  and  at  Granite,  Illinois  (Army  Engi¬ 
neers)  . 


Military  Requirements  for  Wood  in  Packaging 

Clinton  K.  Royce,  Head,  Packaging  Section,  Office  of  Naval  Material, 
Department  of  Navy,  Washington,  D.  C. 


Introduction 


Group  IV 


Tn  discussing  wood  requirements  of  the  Packag- 

ing  Program  of  the  Department  of  Defense,  we 
are  concerned  primarily  with  qualitative  rather  than 
quantitative  requirements.  Quantity-wise  it  appears 
that  our  needs  in  any  future  conflict  will  be  at  least 
more  than  our  World  War  II  consumption 
which  in  1944—45  was  running  well  over  30  billion 
board  feet  annually.  In  fact,  it  has  been  authori¬ 
tatively  stated  that  on  August  14,  1945,  half  of  our 
total  timber  harvest  was  going  into  containers  and 
packaging  materials.  Not  all  of  this  timber  harvest, 
however,  went  into  wood  containers,  since  paper, 
paperboard  and  fibreboard  accounted  for  a  substan¬ 
tial  part  of  the  total  cutting.  Boxes  and  crates  used 
44  percent  of  the  lumber  consumption  in  1944  and 
37  percent  in  1945. 

I  believe  we  are  all  pretty  well  agreed  we  have 
fought  our  last  war  in  an  economy  of  plenty — from 
here  on  we  will  operate  in  one  of  scarcity.  Obvi¬ 
ously,  because  our  requirements  for  lumber  during 
World  War  II  reached  a  point  where  they  could  not 
be  met  (1944  consumption  was  34i/^  billion  board 
feet  against  production  of  a  shade  less  than  33  bil¬ 
lion  and  1945  consumption  was  31^/2  billion  board 
feet  while  production  hit  just  over  28  billion);  we 
have  determined  that  we  must  produce  more  con¬ 
tainers  per  tree  than  we  have  ever  produced  before. 

To  accomplish  this,  we  in  military  packaging  are 
doing  a  great  many  interesting  things. 


Standard  Groupings  Used 


To  begin  with,  our  specifications  for  wood  con¬ 
tainers  do  not  call  for  a  particular  grade  of  lumber, 
but  rather  specify  species  according  to  more  or  less 
standard  groupings  which  have  been  developed  by 
the  U.  S.  Forest  Products  Laboratory.  These  group¬ 
ings  are: 


Group  I 


Aspen  (popple) 

Basswood 

Buckeye 

Butternut 

Cedar 

Chestnut 

Cottonwood 

Cucumbertree 

Cypress  (baldcypress) 

Fir,  Balsam 

Fir,  noble 

Fir,  white 


Magnolia 
Pine,  jack 
Pine,  lodgepole 
Pine,  ponderosa 
(Western  yellow) 
Pine,  red  (Norway) 
Pine,  sugar 
Pine,  white 
Poplar,  yellow 
Redwood 
Spruce 
Willow 


Fir,  Douglas 

Hemlock 

Larch  (tamarack) 


Group  II 

Pine,  southern  yellow 
(including  pine. 
North  Carolina) 


Ash,  black 
Ash,  pumpkin 
Blackgum 
Elm,  white 


Group  III 

Maple,  soft 
Sweetgum  (red  gum) 
Sycamore 
Tupelo,  water 


Ash,  white 
Beech 
Birch 
Elm,  rock 
Hackberry 


Hickory 
Maple,  hard 
Oak 
Pecan 


and  the  specifications  say  "When  any  group  is  spe¬ 
cified,  any  species  in  that  group  may  be  used  at  the 
option  of  the  contractor.”  The  groupings  have  been 
made  on  the  basis  of  density,  relative  hardness  and 
strength  and  nailing  characteristics. 


Moisture  Content  and  Other  Requirements 

Our  requirements  moisture-wise  are  more  or  less 
standard — that  is  to  say  lumber  must  be  seasoned 
to  a  moisture  content  of  not  less  than  12  percent 
nor  more  than  18  percent  of  its  oven  dry  weight. 
In  veneer  for  wirebound  boxes  we  require  that  the 
top  limit  be  held  to  15  percent  and  the  low  limit  is 
allowed  to  go  down  to  nine  percent. 

We  have  rather  rigid  requirements  as  regards 
knots — their  size,  frequency  and  proximity  to  ends 
of  members.  A  lot  of  people  seem  to  think  that  any 
kind  of  lumber  can  be  used  in  boxes  and  crates. 
Experience  has  taught  us  otherwise. 

I  mentioned  the  fact  that  we  were  doing  some 
interesting  things  about  the  use  of  wood  in  packag¬ 
ing.  We  are,  in  fact,  in  the  process  of  reviewing  all 
of  our  qualitative  requirements  for  lumber  in  our 
container  specifications.  We  are  doing  this  in  an 
attempt  to  bring  about  a  greater  degree  of  uniform¬ 
ity,  to  produce  better  containers  and  above  all  else — 
to  enable  us  to  obtain  more  containers  per  tree. 


Field  Test 

To  give  you  some  idea  of  the  extent  to  which  we 
have  carried  on  this  study,  it  will  be  appropriate  to 
tell  you  briefly  of  one  field  test  recently  completed. 
One  thousand  four  hundred  wood  containers;  that 
is  nailed,  cleated  plywood  and  two  diflFerent  types 
of  wirelxiunds,  were  packed  with  typical  items 
which  were  representative  of  each  load  type  and 
weight  range  currently  covered  in  the  three  basic 
container  specifications.  We  found  that  100  load¬ 
ings  were  required  to  cover  the  weight  and  load- 
type  ranges.  It  was  deemed  desirable  to  compare 
certain  specially  designed  containers  against  so- 
called  "depot  packs”  so  we  added  an  engineered 
pack  in  each  weight  class  and  load  type  (By  types 
of  load,  I  refer  to  the  military  designations  of  Type 
I — Easy:  Type  II — Average:  and  Type  III — Diffi¬ 
cult)  .  So  we  had  200  loadings. 

Then,  in  order  to  assure  an  adequate  number  of 
containers  on  which  to  base  an  evaluation,  it  was 
agreed  to  place  under  test  seven  identical  sets  of 
containers  or  1400  boxes  in  all. 
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A  shipment  comprised  of  these  1400  boxes  was 
made  from  Army  Ordnance’s  Letterkenny  Arsenal 
at  Chambersburg,  Pennsylvania  to  8th  Army  Head¬ 
quarters  at  Tokyo,  Japan.  An  experienced  technician 
accompanied  the  shipment  as  an  observer  and  on 
arrival  in  Tokyo  an  evaluation  was  made.  The  ship¬ 
ment  then  moved  to  the  Naval  Supply  Depot  at 
Subic  Bay  in  the  Philippines  where,  after  a  second 
evaluation,  it  was  placed  in  outdoor  uncovered  stor¬ 
age  for  a  prolonged  period  during  the  rainy  season. 
Following  a  third  evaluation  at  the  end  of  the  stor¬ 
age  period,  the  shipment  was  returned  to  the  United 
States,  and  is  undergoing  a  very  complete  evalua¬ 
tion  at  the  Food  and  Container  Institute  for  the 
Armed  Forces  at  Chicago.  I’m  sorry  I  can’t  tell  you 
of  some  of  the  things  which  will  come  out  of  this 
test.  The  data  which  are  available  are  all  under 
classification.  A  second  reason  is  the  fact  that  much 
of  the  data  is  only  preliminary  and  must  be  corre¬ 
lated  with  laboratory  data  before  true  evaluations 
can  be  made.  But  of  this  you  can  be  certain — much 
good  will  come  from  this  test  and  our  knowledge 
of  performance  of  shipping  containers  has  been 
vastly  broadened. 

When  the  Army  services  and  Navy  bureaus  de¬ 
veloped  a  specification  in  1945  for  sheathed  crates, 
that  specification  contained  the  following  minimum 
thickness  requirements  for  sheathing: 

Minimum 

Wood  Group  thickness 

Lumber: 

I  _  3/4  in. 

II  and  III _  11/ 16  in. 

IV  _  5/8  in. 

Since  that  specification  was  written,  one  of  our 

larger  manufacturers  of  vehicles  and  farm  imple¬ 


ments  has  been  experimenting  to  considerable  ex¬ 
tent  with  ^-inch  sheathing  lumber  which  is  resawn 
from  6/4  stock  and  finished  on  one  side.  This  firm 
claims  a  saving  of  20  percent  of  the  tree  with  this 
operation  and  of  course  we  of  the  military  estab¬ 
lishment  are  very  much  interested.  We  have  the 
matter  under  study  right  now. 

During  the  latter  part  of  the  last  war,  one  of  the 
large  producers  of  wood  containers  began  to  pro¬ 
duce  cleated  and  wirebound  boxes  made  with  panels 
of  thin  veneer  to  the  faces  of  which  had  been  lami¬ 
nated  sheets  of  fourdrinier  kraft  paper.  This  mate¬ 
rial  which  represents  a  substantial  saving  in  natural 
resources  is  another  which  is  currently  under  study 
by  the  military.  In  fact  one  of  the  large  producers 
of  plywood  has,  since  the  development  of  this  mate¬ 
rial,  produced  in  substantial  commercial  quantities 
a  similar  panel  board  for  boxes  consisting  of  veneer 
core  and  facings  of  cylinder  kraft  paper.  This  man¬ 
ufacturer  has  also  produced  a  completely  vermin- 
proof  panel  by  impregnating  the  kraft  facings  or 
liners  with  asphalt. 

The  services  have  experimented  successfully  with 
and  there  is  a  specification  to  cover  a  fibreboard 
lined  wood  box  which  makes  use  of  very  thin  wood 
members.  These  containers  which  combine  high 
strength  factors  with  light  weight  as  do  those  made 
from  the  kraft  laminated  veneer  core  panel  stock, 
have  a  tremendous  potentiality  in  the  movement  of 
general  cargo  by  air.  Here,  savings  in  tare  weight 
are  an  important  factor,  yet  strength  of  the  con¬ 
tainer  cannot  be  sacrificed  for  material  moving  by 
air  for  the  military  usually  has  a  ground  handling 
at  each  end  of  the  air  trip  and  in  wartime,  one  of 
these  ground  handlings  is  inclined  to  be  a  bit  rough. 


Discussion 

Dr.  Frank  B.  Smith  (Dow  Chemical  Co.) :  In 
view  of  the  anticipated  shortage  of  lumber  for 
packaging,  is  it  fair  to  ask  what  the  military  is 
doing  in  the  treatment  of  lumber  with  preservatives 
to  increase  its  service  life? 

Mr.  Royce:  This  is  recognized  as  an  acute  prob¬ 
lem.  There  is  a  requirement  covering  the  use  of 
preservatives  in  container-grade  plywood.  This  is  a 
carryover  from  the  time  when  preservatives  were 
required  to  protect  the  glue  line.  This  requirement 
should  be  extended  to  nailed  and  wirebound  boxes. 
In  an  overseas  test  20  percent  of  the  boxes  were 
preservative-treated  and  showed  a  marked  improve¬ 
ment  in  durability.  A  great  deal  of  thought  is  being 
given  to  incorporating  preservative  treatment  re¬ 
quirements  in  all  packaging  specifications. 

R.  C.  Fraunberger  (Philco  Corporation) :  Please 
elaborate  on  the  20  percent  saving  mentioned  on 
resawing  6/4  stock  to  5/8?  Is  this  5/4  a  misprint 
in  the  paper? 


Mr.  Royce:  The  20  percent  saving  represents  a 
combination  of  the  and  4/4  dimensions  previ¬ 
ously  used. 

/.  R.  Watkins  (Watkins  Patents,  Inc.) :  It  has 
been  noted  that  container  manufacturers  are  not,  in 
general,  familiar  with  JAN  specifications  for  con¬ 
tainers,  nor  are  they  familiar  with  Forest  Products 
Laboratory  packaging  research  work.  Information 
is  desired  as  to  whom  to  contact  in  the  military  to 
discuss  a  new  packaging  method  that  will  save 
substantial  quantities  of  wood. 

Mr.  Royce:  Contact  should  be  made  with  the 
Munitions  Packaging  Board  or  Staff  Officers  of  the 
Departments  of  the  Army,  Navy  or  Air  Force  in 
Washington,  D.  C. 

Mr.  Watkins:  Is  steel  strapping  as  good  as  it  is 
claimed  to  be? 

Mr.  Royce:  If  properly  used,  steel  strapping  is  a 
tremendous  additive  to  the  strength  and  durability 
of  the  containers,  particularly  in  the  case  of  light 
containers.  Because  of  shrinkage,  it  is  inadvisable  to 
strap  wet  lumber  without  provision  for  retension¬ 
ing.  The  size,  location  and  number  of  straps  are 
important  and  frequently  highly  controversial. 
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This  paper  sets  forth  some  of  the  activities  normally  carried  on  by  the  Quartermaster  Corps  as  well  as  to  point  out 
requirements  for  substitute  wrood  and  wood  products  due  to  the  unavailability  of  properly  seasoned  woods  and  veneers 
in  time  of  an  emergency. 


Introduction 

^■*HE  Quartermaster  Corps  is  a  service  organiza- 
A  tion  to  the  Department  of  Defense  and  holds 
responsibility  for  the  development  of  the  individual 
soldier’s  clothing  and  equipment,  foods,  fuels,  and 
lubricants  as  well  as  the  performance  of  other  serv¬ 
ices  and  functions.  The  Research  and  Development 
Branch  is  charged  with  the  responsibility  for  prepa¬ 
ration  of  specifications  on  which  procurement  of 
these  items  is  to  be  made.  Efficient  specifications  are 
a  basic  requirement  for  the  satisfactory  purchase  of 
commodities  in  our  industrial  economy.  Back  of  all 
specifications  must  first  be  the  accumulation  of  prac¬ 
tical  and  technical  information  on  which  they  are  to 
be  based,  and  in  supplying  such  information  re¬ 
search  plays  an  important  role  in  the  field  of  forest 
products.  It  is  self-evident  also  that  specifications 
and  methods  must  be  practical  and  to  this  end  vari¬ 
ous  considerations  and  research  findings  must  be 
tempered  by  judgment  and  experience  in  their  appli¬ 
cation.  In  many  cases  it  has  been  possible  in  the 
revision  of  specifications  to  facilitate  and  expedite 
procurement  by  broadening  the  species  base  or  mod¬ 
ifying  restrictive  requirements  without  affecting  the 
quality  or  serviceability  of  the  product. 

The  Research  and  Development  Branch  is  sepa¬ 
rated  into  Sections  concerned  with  the  responsibility 
for  chemical  and  plastic  items,  textiles,  clothing, 
footwear  and  mechanical  items.  It  is  within  the  last 
named  Section  of  Research  and  Development 
Branch,  the  Mechanical  Section,  that  responsibility 
is  held  for  the  development  of  wood  items  used  by 
the  individual  soldier.  Besides  numerous  military 
items  the  Quartermaster  Corp  is  charged  with  the 
responsibility  for  furnishing  thousands  of  items  in 
the  housekeeping  category.  The  problem  of  prepar¬ 
ing  specifications  on  which  the  solicitation  of  bids 
is  to  be  made  on  large  scale  procurements  is  a  tre¬ 
mendous  task.  It  is  difficult  to  design  the  many  types 
of  various  items  so  as  to  permit  commercial  manu¬ 
facturers  to  produce  these  specialized  items,  at 
maintained  quality  levels,  and  not  interfere  mate¬ 
rially  with  normal  production.  These  specifications 
must  set  up  minimum  acceptable  standards  in  order 
to  permit  an  equitable  evaluation  of  bids.  The  de¬ 


signer  of  the  equipment,  therefore,  selects  the  mate¬ 
rials  as  to  availability,  economical,  and  practical 
characteristics.  In  an  emergency,  however,  when  all 
materials  are  scarce,  he  is  immediately  plagued  with 
the  incorporation  of  substitute  materials,  and  the 
engineering  problem  is  sometimes  placed  in  a  com¬ 
plete  redesign  stage.  In  order  to  provide  the  con¬ 
tractors  with  assistance  in  obtaining  critical  and 
scarce  materials,  the  Industrial  Mobilization  Office 
has  been  set  up  for  the  purpose.  Phases  which  affect 
the  designing  of  military  equipment  materially  are 
factors  for  the  provision  of  (1)  portability  (2) 
rapid  repair  and  (3)  interchangeability  of  parts. 
For  portability  and  rapid  manipulation  the  design 
of  wood  products  usually  relies  upon  fasteners,  con¬ 
nectors  and  other  similar  metal  components  on 
which  the  success  of  the  item  in  field  use  is  de¬ 
pendent.  Usually  the  field  equipment  furnished  the 
soldier,  must  of  necessity,  due  to  excessive  handling, 
shipping  and  storing,  be  constructed  much  more 
durably  than  for  its  single  function  as  an  end  item. 
Since  the  Quartermaster  Corps  is  charged  with  the 
housekeeping  functions,  it  is  likewise  charged  with 
the  responsibility  for  repair  and  upkeep  of  the  items 
during  their  service  life.  This  requirement  imposes 
upon  the  designer  of  military  equipment  the  addi¬ 
tional  hardship  of  obtaining  interchangeability  of 
parts  between  items  manufactured  by  various  pro¬ 
ducers.  Hence  closer  tolerances  than  normally  re¬ 
quired  must  be  insisted  upon. 

During  World  War  II  the  largest  single  item  was 
that  of  lumber  for  shipping  containers  so  essential 
for  the  protection  of  various  war  products  during 
transport  to  all  theaters  of  operation  and  during 
storage.  For  this  use  alone  about  one-half  of  the 
34  billion  board  feet  annual  output  of  lumber  was 
allocated.  Demand  for  special  paper  and  paperboard 
for  packaging  to  withstand  severe  conditions  and 
for  various  uses  as  substitute  for  more  expensive  or 
more  scarce  materials  in  addition  to  the  essential 
ordinary  uses  were  enormous. 

Furniture  Requirements 

The  wood  requirements  for  specialized  military 
uses  concerning  the  Quartermaster  Corps  might  well 
be  separated  into  three  categories,  (1)  furniture 
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items  (2)  field  equipment  items  and  (3)  oversnow 
equipment  items.  The  Army  is  the  largest  single 
buyer  of  furniture  in  the  world.  During  the  period 
from  1946  to  1950,  upward  of  45  million  dollars 
were  expended  for  furniture  for  ofiicers  and  non¬ 
commissioned  officers  quarters.  Approximately  the 
same  amount  of  money  was  expended  for  office  fur¬ 
niture  and  items  of  office  equipment.  The  items  of 
office  equipment  are  procured  on  specifications 
alined  with  commercial  production,  the  principle 
wood  being  red  oak.  The  furniture  for  officers  and 
non-commissioned  officers  quarters  is  classed  as  mili¬ 
tary  equipment  in  view  of  the  problem  of  main¬ 
taining  interchangeability  and  supply  of  repair  parts 
in  the  field  during  the  life  expectancy  period  of  20 
years  service.  Two  types  of  quarters  furniture  have 
been  developed  for  specific  military  uses.  Wood 
furniture  of  conventional  construction  is  used  in 
posts,  camps  and  stations  throughout  the  United 
States  and  a  combination  construction  of  metal- 
wood  is  used  for  Army  stations  overseas.  The  fur¬ 
niture  of  all  wood  construction  is  of  Classic  18th 
century  design.  The  face  veneers  are  either  walnut 
or  mahogany.  The  solid  wood  components  are  con¬ 
structed  of  beech,  birch,  sweet  gum,  hickory,  ma¬ 
hogany,  walnut,  hard  maple  or  pecan.  The  selection 
of  these  hard  woods  permit  manufacturers  in  either 
the  southern  states  or  the  northern  states  to  utilize 
lumber  grown  in  their  particular  locale.  The  most 
critical  problem  during  the  procurement  of  this  fur¬ 
niture  was  obtaining  good  grade  poplar  for  the 
lumber-core  panels.  The  unavailability  of  chestnut 
for  this  use  has  imposed  a  hardship  in  obtaining  a 
suitable  lumber-core  material  and  has  placed  such  a 
drain  on  poplar  wood  that  shortages  have  been  felt 
throughout  the  country.  Substitute  woods  are  per¬ 
mitted  such  as  white  ash,  aspen  and  basswood,  but¬ 
ternut,  magnolia  and  red  alder  to  alleviate  this  con¬ 
dition.  Development  by  the  Forest  Products  Labora¬ 
tory  has  established  the  fact  that  vertical  grain  red¬ 
wood  lumber  is  a  suitable  substitute  for  use  in 
lumber-core  panels  and  as  a  result  of  this  develop¬ 
ment  a  new  source  of  supply  will  be  available  to 
furniture  manufacturers.  The  combination  metal- 
wood  type  of  furniture  eliminates  the  requirement 
for  solid  wood  components  inasmuch  as  the  panels 
themselves  are  mechanically  secured  to  a  metal 
framework.  In  this  way  the  use  of  glues  susceptible 
to  mold  and  fungus  deterioration  are  eliminated. 

Miscellaneous  Field  Equipment 

The  Quartermaster  Corps  procures  large  quanti¬ 
ties  of  miscellaneous  field  equipment  items  utilizing 
wood  and  veneers  such  as  plywood  packboards,  tent 
pins  and  poles,  .handles  for  striking  tools,  canvas 
folding  cots,  shelter  frames  and  flooring,  field  desks 
and  locker  boxes.  The  plywood  packboard  is  pre¬ 
formed  from  hardwood  veneers  of  beech,  birch, 
hickory  or  maple.  This  procedure  requires  a  great 
deal  of  production  time  for  the  molding  of  this  item 
in  heated  dies.  If  post-forming  could  be  accom¬ 


plished  in  the  forming  of  a  90-degree  bend  on  each 
side  of  the  packboard  tremendous  savings  of  pro¬ 
duction  time  could  be  made.  Considerable  amounts 
of  wood  pins  and  poles  are  purchased,  giving  em¬ 
ployment  to  smaller  mills  and  groups  of  manufac¬ 
turers  with  simple  equipment.  These  items  utilize 
lower  grades  of  non-critical  wood.  Striking  tool 
handles,  however,  require  a  high-grade  hickory. 
Considerable  difficulty  has  been  encountered  with 
wood  items  when  subjected  to  extreme  cold  tem¬ 
peratures.  The  low  temperatures  and  low  vapor 
pressures  tend  to  draw  the  moisture  out  of  the  wood 
making  the  component  item  very  brittle  and  sus¬ 
ceptible  to  splintering  and  breaking.  Research  in 
this  field  is  definitely  needed  in  order  to  bring  about 
a  satisfactory  solution  to  the  problem.  Plastic  coat¬ 
ings  or  impregnations  which  will  retard  or  prevent 
the  escape  of  moisture  may  aid  in  this  development. 
The  canvas  folding  cot  utilizes  ash,  beech,  birch, 
maple,  rock  elm,  hickory,  red  or  white  oak  and 
pecan. 

Field  Desks  and  Locker  Boxes  utilize  %-inch 
3-ply  veneer.  Douglas  fir  exterior  grade  BB  or 
Hardwood  Type  I  and  II  grade  2,  conforming  to 
the  requirements  of  military  specification  MlL-P-66 
are  specified  for  these  items.  A  great  number  of  the 
field  desks  and  cases  are  covered  on  both  sides  with 
vulcanized  trunk  fibre  to  give  increased  wear  and 
durability.  Plywood  as  you  know  is  a  scarce  material 
in  time  of  an  emergency.  In  order  to  alleviate  crit¬ 
ical  shortages,  substitutes  for  plywood  are  under 
constant  surveillance.  The  plywood  panel  or  the 
substitute  panel  or  both  when  developed  would 
have  to  permit  the  driving  of  bifurcated  rivets  by 
machines,  without  splitting  or  tearing  out  of  the 
grain  structure.  The  BB  exterior  grade  Douglas  fir 
plywood  is  difficult  to  obtain  due  to  the  fact  that 
large  production  of  plywood  for  the  building  trade 
is  AD  grade.  The  AD  combination  requires  a  clear, 
matched,  sound  face  and  a  back  permitting  open 
defects.  In  the  development  of  the  Army  field  cases, 
however,  it  is  required  that  the  plywood  be  not 
matched  for  grain  and  color,  but  only  that  it  be 
sound  on  both  sides.  It  is  obvious  that  when  an  AC 
plywood  is  used  the  A  face  covered  with  vulcanized 
fibre  covers  up  the  face  that  was  matched  for  color 
and  grain  thus  obviating  an  unnecessary  expense 
and  requires  the  covering  of  the  C  face  with  open 
defects  that  could  later  cause  depression  and  inden¬ 
tation  through  the  vulcanized  fibre  facing.  Large 
scale  production  of  plywood  with  sound  faces  and 
backs  or  a  suitable  substitute  panel  is  greatly  needed. 

Over-Snow  Equipment 

Some  of  the  over-snow  equipment  items  are  skis, 
sleds,  snowshoes  and  toboggans.  Of  these  items  the 
skis  are  the  most  difficult  articles  to  manufacture. 
The  Army  ski  is  made  of  laminated  construction  to 
utilize  lower  grade  wood  and  resist  twisting  and 
warping.  The  two  greatest  manufacturing  problems 
are  the  obtaining  of  good  grade  hickory  and  main- 
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taining  uniformity  of  skis  between  various  manu¬ 
facturers.  The  manufacturers  of  skis  in  the  past, 
experienced  considerable  difficulty  in  procuring  a 
sufficient  quantity  of  the  choice  hickory  to  meet 
Army  demands.  Several  manufacturers  stated  that 
large  quantities  of  choice  hickory  are  being  shipped 
to  several  of  the  European  nations  and  in  several 
instances  it  has  been  necessary  for  manufacturers  in 
the  United  States  to  buy  hickories  back  from  these 
same  European  nations.  The  result  is  that  they  must 
pay  an  enormous  premium  for  this  wood. 

The  construction  of  the  ski  is  so  designed  as  to 
produce  a  three-layer  ski.  The  top  layer  and  bottom 
layer  require  the  use  of  true  hicKories  and  may  be 


Discussion 

Kauko  Kuoppa-Maki  (ERDL,  Fort  Belvoir,  Vir¬ 
ginia)  ;  Regarding  shortage  of  hickory.  Couldn’t 
substitutes  be  accepted?  About  80  percent  of  skis 
in  military  use  now  are  faced  with  birch  on  the 
bottom. 

Mr.  Paden:  Other  materials  are  being  used.  Cur¬ 
rently  there  is  an  ample  supply  of  maple,  which  is 
considered  superior  to  birch  as  an  alternate  mate¬ 
rial. 

George  W.  Prayer  (Forest  Service,  U.  S.  Depart¬ 
ment  of  Agriculture)  :  You  didn’t  mention  shoe  last 
blocks.  Are  there  any  problems  in  this  regard? 

Mr.  Paden:  There  is  a  problem  in  the  supplying 
of  rock  maple  in  sizes  adequate  from  which  to  turn 
solid  shoe  lasts. 

Mr.  Prayer:  What  is  the  supply  problem  regard¬ 
ing  specialty  woods? 

Mr.  Paden:  The  supply  problem  of  specialty 
woods  for  shoe  lasts  to  meet  military  requirements 
has  brought  out  the  fact  that  there  is  an  inadequate 
supply  to  satisfy  abnormal  requirements.  Experi¬ 
ments  are  being  carried  on  with  laminated  shoe  last 
blocks,  and  it  appears  that  this  type  of  construction 
will  give  assistance  in  the  supply  of  wood  for  shoe 
last  blocks. 

George  M.  Hunt  (Forest  Products  Laboratory) : 
Mr.  Paden’s  paper  indicates  that  wood  becomes 
weaker  when  very  cold.  All  the  evidence  I  have 
seen  indicates  that  wood  becomes  stronger  as  it  gets 
colder.  I  wonder  if  there  is  technical  evidence  in 
support  of  Mr.  Paden’s  statement  to  the  contrary. 

Mr.  Paden:  This  is  believed  to  be  related  to  the 
molecular  structure  of  wood. 

E.  George  Stern  (Virginia  Polytechnic  Institute) : 
In  response  to  Mr.  Hunt’s  discussion,  I  wonder 
whether  his  statement  that  wood  increases  in 
strength  when  frozen  is  limited  to  static  loading 
conditions?  Confirming  data  for  static  loading  were 
published  recently  by  F.  Kollmann  in  his  paper  on 
"Investigations  on  Reasons  for  Degrading  of  Green 
Oak  During  Seasoning  and  on  Strength  Properties 
of  Wood  in  High-Frequency  Field  (In  German),” 
Sven.  Traforskningsinst.  Tratekn.  Avdel.,  Medd. 
21,  1950. 


fabricated  from  five  to  seven  pieces  of  edge-glued 
material.  The  center  core  of  the  ski  utilizes  lower 
grade  wood  such  as  pecan,  hickory,  white  ash,  yel¬ 
low  birch,  and  sugar  maple.  Skis  are  procured  in 
quantities  and  every  ski  must  follow  a  set  curve 
when  pressure  is  applied  at  a  given  point.  No  soft 
spots  or  stiff  flat  portions  are  permitted  when  the 
ski  is  depressed.  The  ski  must  follow  a  smooth  con¬ 
tinuous  curve,  otherwise  it  is  rejected.  The  specifica¬ 
tions  suggest  that  the  contractor  use  the  drying 
schedule  as  published  by  the  Forest  Products  Labo¬ 
ratory  for  seasoning  the  hardwoods.  For  the  produc¬ 
tion  of  snowshoes  a  clear  white  ash  is  required  for 
the  wood  bows  and  cross  bars. 


Charles  H.  Jeter  (A.  J.  Hodges  Industries)  :  I  am 
surprised  that  there  is  a  shortage  of  hickory.  In  the 
South  we  are  spending  money  to  destroy  it. 

Mr.  Paden:  Ski  manufacturers  would  welcome  a 
good  source  of  supply. 

Mr.  Prayer:  There  is  no  shortage  of  hickory 
timber  in  general.  However,  there  was  a  shortage 
of  high-quality,  tough  hickory  for  picker  sticks, 
shunt  poles  (a  lend-lease  item),  ladder  rungs,  and 
handle  and  ski  blanks  during  World  War  11.  The 
supply  of  hickory  for  these  and  perhaps  other  items 
is  likely  to  again  become  limited  by  specifications  as 
to  quality  and  size. 

Mr.  X:  Is  the  one-piece  ski  considered  practi¬ 
cable  for  Army  use? 

Mr.  Paden:  The  military  ski  has  been  constructed 
on  the  3-ply  principle  for  the  purpose  of  utilizing 
lower  grade  woods  and  insuring  the  production  of 
a  ski  resistant  to  twisting  and  warping.  Each  of  the 
3  layers  is  composed  of  3  to  5  pieces  of  wood.  The 
outer  plies  are  of  true  hickory,  but  the  inner  plies 
utilize  white  ash,  yellow  birch,  sugar  maple  and 
pecan. 

The  one-piece  ski  is  not  considered  practicable 
for  Army  use  because  of  the  fact  that  it  requires  a 
top  grade  of  material  for  the  entire  ski  and  does 
not  offer  insurance  against  twisting  and  warping  in 
field  use  and  long  term  storage. 

Mr.  X:  Would  you  please  describe  a  little  more 
in  detail,  the  construction  of  the  metal-wood  furni¬ 
ture  you  mentioned? 

Mr.  Paden:  The  metal-wood  furniture  designed 
for  military  use  overseas  is  designed  to  resist  high 
heat  and  humidity  and  requires  the  minimum  of 
maintenance  throughout  its  service  life.  The  frame 
work  employs  metal  to  which  flat  panels  can  be 
secured  mechanically,  permitting  rapid  repair  by 
non-skilled  personnel.  This  employs  metal  to  the 
best  advantage  to  resist  twisting  and  warping  and 
employs  lumber  for  plywood  panels  on  the  exterior 
of  the  piece  of  furniture  in  order  to  gain  the 
warmth  and  beauty  of  the  wood. 

The  frame  work  is  constructed  of  either  alumi¬ 
num  or  steel  U-shaped  channels  approximately  ^ 
inch  square.  The  lumber  core  panels  -Jl  inch  thick 
are  secured  to  the  frame  work  with  sheet  metal 
screws.  'The  frame  work  is  welded  or  riveted. 
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Introduction 

Hardly  ten  years  have  elapsed  since  World  War 
II  required  us  to  marshal  the  industrial  re¬ 
sources  of  the  United  States  in  men,  machines, 
materials,  capital  and  know-how  in  support  of  our 
military  forces.  Marshalling  these  resources  pro¬ 
duced  a  long  list  of  dislocations  and  well  toward 
the  head  of  the  list  stood  small  business.  Between 
the  limitations  placed  on  the  use  of  strategic  mate¬ 
rials  for  civilian  goods  and  the  awarding  of  a 
majority  of  the  defense  dollars  to  larger  corpora¬ 
tions,  thousands  of  small  businesses  were  on  the 
verge  of  closing  their  doors.  The  plight  of  small 
business  received  much  attention  and  a  great  deal 
of  effort  was  expended  in  an  attempt  to  establish  a 
place  for  small  business  in  service  procurement. 
With  the  surrender  of  Japan  in  1945  materials 
again  became  available  to  small  business  and  its 
interest  in  participating  in  service  procurement 
terminated. 

Whatever  respite  small  business  had  from  the 
problems  of  World  War  II  was  short  lived.  The 
armed  conflict  in  Korea  turned  back  the  hands  of 
the  clock  and  a  familiar  pattern  began  to  repeat 
itself.  Again  limitations  have  been  placed  on  the 
use  of  strategic  materials  for  civilian  products.  The 
awarding  of  a  majority  of  the  defense  dollars  to 
larger  corporations  is  following  the  pattern  of 
World  War  II.  There  is,  however,  an  important 
difference  between  the  mobilization  efforts  for 
World  War  II  and  the  Korean  conflict.  The  former 
was  a  total  mobilization,  while  the  latter  is  only 
partial. 

With  small  business  again  facing  the  problems 
of  World  War  II,  a  place  for  small  business  in 
service  procurement  is  being  sought.  The  search  is 
controlled  today,  however,  by  a  set  of  circumstances 
which  are  readily  distinguishable  from  those  exist¬ 
ing  at  the  outset  of  World  War  II.  At  that  time 
we  were  emerging  from  a  prolonged  depression 
whereas  the  Korean  conflict  arrived  as  we  were 
nearing  a  record-breaking  national  income  of  223.5 
billion  dollars  in  1948.  The  mobilization  effort 
starting  in  1941  was  a  total  effort,  reaching  its  peak 
in  1944  with  expenditures  approaching  an  annual 
rate  of  more  than  $90,000,000,000.  The  mobiliza¬ 
tion  effort  beginning  in  1950  is  partial  and  will 
reach  an  approximate  annual  rate  of  $50,000,- 


000,000  by  the  end  of  fiscal  1951.  The  World  War 
II  mobilization  was  an  all-out  effort  to  achieve 
victory  and  end  the  war.  The  duration  of  the  small 
business  problem  could  be  considered  limited  by 
the  length  of  time  required  to  accomplish  this 
objective.  Today,  the  end  of  the  fighting  in  Korea 
does  not  necessarily  herald  the  end  of  limitations 
on  the  use  of  materials  and  the  resultant  need  of 
small  business  to  participate  in  service  procurement. 
The  foreseeable  duration  of  World  War  II  was  cer¬ 
tainly  a  controlling  factor  in  the  choice  of  a  solution 
to  the  problem.  The  need  for  the  development  and 
implementation  of  permanent  plans  are  clearly  in¬ 
dicated  today  since  the  duration  of  limitations  on 
the  use  of  materials  and  the  duration  of  partial 
mobilization  is  unpredictable. 

Trade  Regulations 

Basically,  the  need  of  small  business  for  a  place 
in  service  procurement  is  a  function  of  a  trade  reg¬ 
ulation  which  limits  the  free  use  of  materials  and 
restraints  in  trade,  decreasing  competition  through 
the  placing  of  a  majority  of  defense  dollars  with  a 
limited  number  of  corporations.  Since  the  problem 
may  be  with  us  for  some  time  to  come,  it  seems 
desirable  to  examine  it  briefly  in  the  light  of  the 
historical  background  of  trade  regulations  and 
restraints  in  trade. 

For  centuries,  trade  in  England  was  closely  regu¬ 
lated  by  government  and  it  was  the  custom  for 
government  to  sponsor  and  protect  monopolies,  as 
for  example  the  Medieval  fairs  and  markets  which 
were  monopolies  granted  by  the  crown.  In  the  l6th 
Century,  the  fair  and  market  monopolistic  domina¬ 
tion  of  trade  passed  to  the  towns  with  the  guild 
merchants  performing  the  task  of  protecting  and 
regulating  trade.  The  function  of  the  guild  was  to 
preserve  to  its  members  the  monopoly  of  trade  and 
regulate  the  trade  of  the  town  in  general.  Gradu¬ 
ally,  the  guild  merchants  were  replaced  by  craft 
guilds  formed  primarily  to  regulate  and  preserve 
the  monopoly  of  each  trade  within  the  town.  They 
usually  existed  under  the  authority  of  the  town  gov¬ 
ernment  and  membership  was  achieved  by  passing 
through  various  stages  of  apprenticeship,  journey¬ 
man  and  master.  The  craft  guilds  gradually  lost 
control  of  the  regulation  of  trade  and  popular 
opposition  to  the  granting  of  monopolies  forced  the 
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crown  to  concede  in  1601  that  the  validity  of  a 
monopoly  would  be  tried  at  common  law.  In  1623 
the  English  statute  of  monopolies  was  passed  and 
monopolies  were  declared  void  and  thereafter  to  be 
determined  and  tried  at  common  law. 

Over  this  medieval  industrial  era  was  draped  an 
all-encompassing  code  of  state  regulations  of  pro¬ 
duction  and  distribution.  About  the  middle  of  the 
18th  Century  the  system  began  to  disintegrate 
under  the  impact  of  the  industrial  revolution  and 
the  regulation  of  economic  society  by  the  state 
which  had  been  traditional  policy  was  discredited. 
The  continuance  or  extension  of  the  supervision  of 
government  over  labor,  wages,  hours,  industry, 
commerce,  agriculture  or  production,  distribution 
and  exchange  was  opposed.  This,  the  laissez-faire 
theory  of  the  functions  of  government,  reached  the 
peak  of  its  popularity  about  1830. 

In  America,  the  colonists  conformed  to  the  views 
on  trade  regulations  prevailing  in  England.  Prices 
and  wages  were  frequently  fixed  by  ordinance  and 
monopolies  had  their  counterparts  in  the  colonies. 
After  the  revolution  industrial  expansion  was  rapid 
and  the  period  from  I860  to  1890  was  one  of  un¬ 
restricted  factory  development.  Population  nearly 
doubled  and  invested  capital  rose  from  a  little  over 
2  billion  to  6I/2  billion.  It  was  an  era  of  corruption, 
exploitation  and  rapid  national  growth.  With 
laissez-faire  the  philosophy  of  the  day  and  govern¬ 
ment  conspicuous  by  its  absence  from  the  field  of 
trade  regulations,  abuses  growing  out  of  the  expan¬ 
sion  of  the  railroads  and  the  predatory  trade  prac¬ 
tices  of  the  Standard  Oil  trust  and  others,  resulted 
in  the  injection  of  government  back  into  the  regu¬ 
lation  of  trade.  Over  a  period  of  years  a  series  of 
legislative  acts  were  passed  aimed  at  preventing 
monopoly  and  maintaining  competition.  The  Sher¬ 
man  Anti-Trust  Act,  passed  in  1890,  was  aimed  at 
combinations  or  conspiracies  in  restraint  of  trade 
and  monopolies.  The  Clayton  Act,  in  1914,  stipu¬ 
lated  that  no  corporation  might  acquire  stCKk  in 
another  corporation  where  the  effect  of  such  acqui¬ 
sition  was  to  lessen  competition  or  create  a  monop¬ 
oly,  nor  maintain  common  directors  between  two 
corporations  where  either  one  had  capital  surplus 
or  undivided  profits  in  excess  of  $1,000,000,  so 
that  the  elimination  of  competition  by  agreement 
would  violate  the  anti-trust  laws.  The  Federal  Trade 
Commission  Act  in  1914  authorized  the  Commis¬ 
sion  to  prevent  unfair  methods  of  competition  in 
commerce.  The  Robinson-Patman  Act  in  1936 
made  it  unlawful  to  discriminate  in  price  between 
two  or  more  purchasers.  In  addition  many  regula¬ 
tions  were  passed  by  the  individual  states. 

The  transition  has  been  therefore  from  the  state- 
created  and  controlled  monopolies;  to  the  voiding 
of  monopolies  by  statute;  the  retreat  of  government 
from  the  regulation  of  trade;  and  finally,  the  return 
of  government  to  the  area  of  trade  regulations 
charged  with  the  maintenance  of  competition  and 
the  prevention  of  monopolies  and  restraints  in 


trade.  The  return  of  government  to  the  regulation 
of  trade  served  notice  that  the  destruction  of  a  seg¬ 
ment  of  American  industry  through  unfair  compe¬ 
tition  and  the  growth  of  monopolies  was  inimical 
to  the  national  welfare.  Small  business,  the  segment 
of  industry  most  susceptible  to  this  form  of  attack, 
was  thus  recognized  as  vitally  important  to  a 
healthy  industrial  growth. 

We  have  seen  that  World  War  II  limitations  on 
the  use  of  materials  and  the  placing  of  prime  con¬ 
tracts  with  the  larger  corporations  constituted  a 
trade  regulation  and  a  restraint  of  trade  unless 
small  business  was  aided  in  overcoming  a  con^ti- 
tive  disadvantage.  Small  business  found  it  difficult 
to  find  out  what  was  being  purchased  and  procure¬ 
ment  officers  were  ignorant  of  his  existence.  The 
procurements  he  did  learn  of  were  apt  to  be  beyond 
the  scope  of  his  facilities,  financial  capacity  or 
ability.  Having  suflFered  through  the  first  two  years 
of  the  war,  small  business  made  itself  heard,  and. 
Congress  passed  the  Smaller  War  Plants  Corpora¬ 
tion  Act.  The  Act  was  passed  in  June  of  1942  but 
the  corporation  did  not  function  too  effectively 
according  to  reports  until  1944.  SWPC  actively 
engaged  in  assisting  small  business  to  acquire  prime 
contracts  and  to  a  lesser  extent  subcontracts.  It  was 
empowered  to  make  direct  loans  for  plant  and 
equipment,  to  supply  working  capital  and  to  lease 
equipment  to  small  business.  The  participation  of 
small  business  during  the  days  of  the  SWPC  is 
pointed  out  as  significant  of  the  need  for  such  legis¬ 
lation.  It  cannot  be  overlooked,  however,  that  as 
SWPC  swung  into  action  an  all-out  search  was  on 
for  additional  productive  facilities.  The  participa¬ 
tion  of  small  business  might  very  well  have  been 
achieved  without  this  instrumentality. 

With  the  end  of  World  War  II,  the  country 
embarked  on  an  era  of  unprecedented  prosperity. 
Production  reached  an  all-time  high.  Big  business 
and  small  business  as  well  found  themselves  with 
all  the  work  they  could  handle.  Military  procure¬ 
ment  continued  on  a  much  smaller  scale  and  gen¬ 
erally  speaking,  industry  was  disinterested  in  par¬ 
ticipating  in  either  current  procurement  or  mobili¬ 
zation  planning.  In  spite  of  the  lack  of  interest  on 
the  part  of  many  industrial  organizations,  the  desir¬ 
ability  of  being  able  to  mobilize  industry  quickly 
in  the  event  of  another  armed  conflict  was  self- 
evident  to  those  in  military  circles.  A  Production 
Allocation  Program  was  therefore  established. 
Plants  were  surveyed  and  production  schedules  set 
up  with  two  objectives.  The  first  objective  was  the 
elimination  of  competition  between  the  services  for 
a  given  facility,  and  the  second  objective  was  to 
acquaint  the  planned  source  with  the  item  he  would 
be  asked  to  produce,  thereby  materially  cutting 
down  the  lead  time  required  to  get  into  production. 
Designed  to  cope  with  a  state  of  total  mobilization, 
implementation  of  the  plan  during  the  present  state 
of  partial  mobilization  has  not  been  an  unqualified 
success. 


80 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Qualification  is  the  Test 

What  then  is  the  place  of  small  business  in  the 
service  procurement  program?  The  ultra  conserva¬ 
tive  among  procurement  personnel  contend  that  the 
primary  mission  of  service  procurement  is  to  get 
the  equipment  with  consideration  only  for  quality, 
time  of  delivery  and  price.  The  proponents  of  the 
opposite  extreme,  advocate  turning  service  procure¬ 
ment  into  a  public  works  program.  It  has  been  con¬ 
tended  in  some  quarters  that  the  natural  role  of 
small  business  is  subcontracting,  leaving  prime  con¬ 
tracting  to  the  large  corporation.  The  extremes  in 
either  case  seem  entirely  unrealistic,  leaving  us  to 
search  out  a  middle  ground  reasonably  satisfactory 
to  all  parties. 

There  is  no  apparent  logic  to  employment  of  size 
as  the  determining  factor  in  the  classification  of  a 
corporation  as  a  prime  or  subcontractor  although 
such  often  appears  to  be  the  case.  Qualification  is 
the  logical  test  and  is  being  employed.  Where  a 
business  is  naturally  qualified  to  be  a  prime  con¬ 
tractor,  such  business  has  a  place  in  service  procure¬ 
ment  as  a  prime  contractor.  Where  a  business  is  not 
qualified  to  perform  as  a  prime  contractor,  and  the 
majority  fall  into  this  category,  its  place  in  service 
procurement  must  be  achieved  through  subcontract¬ 
ing.  The  services  simply  cannot  afford  to  carry 
unqualified  producers  on  their  backs,  whether  large 
or  small. 

If  the  place  of  small  business  in  the  service  pro¬ 
curement  program  is  based  on  qualification  rather 
than  size,  what  precludes  small  business  from  par¬ 
ticipating,  and  what  is  being  done  about  it?  A  great 
many  qualified  small  businesses  are  participating  in 
service  procurement  but  it  is  not  denied  that  a  great 
many  others  are  not  participating  and  have  found 
it  difficult  to  place  themselves  in  a  position  to  obtain 
consideration.  When  an  armed  conflict  is  precipi¬ 
tated,  monies  must  be  appropriated  for  military 
equipment  and  an  all-out  effort  made  to  place  con¬ 
tracts  as  quickly  as  possible.  Under  these  circum¬ 
stances,  the  procurement  officer  turns  to  the  organ¬ 
izations  he  is  familiar  with  and  knows  can  do  the 
job;  either  by  general  reputation  or  through  per¬ 
sonal  contact  during  the  months  and  years  preced¬ 
ing  the  emergency  period.  He  knows  the  quality  of 
the  management,  the  financial  condition,  the  ability 
to  produce,  the  type  of  equipment,  and  the  quan¬ 
tity  and  quality  of  production  that  can  be  expected. 

The  majority  of  small  businesses  qualified  to  be 
prime  contractors  are  unknown  to  the  procurement 
officer  since  service  procurement  holds  no  charm 
during  peace  time.  However,  in  the  face  of  an 
armed  conflict,  restrictions  on  the  use  of  materials 
nuke  it  a  different  story  as  would-be  primes  swarm 
in  upon  the  procurement  officers.  The  job  of  sepa¬ 
rating  the  qualified  small  business  from  the  unqual¬ 
ified  has  proven  so  herculean  that  it  is  not  surpris¬ 
ing  to  find  those  who  would  reject  the  whole 
proposition.  Obviously,  the  job  of  procurement  can¬ 


not  be  suspended  while  the  job  of  separating  is 
done. 

A  further  complication  has  resulted  from  the 
placing  of  current  procurement  with  sources  that 
cooperated  with  the  Production  Allocation  Program 
and  accepted  production  schedules  during  the  days 
prior  to  Korea.  It  has  been  argued  that  failure  to 
use  planned  sources  would  constitute  a  breach  of 
faith,  making  it  impossible  to  enlist  the  coopera¬ 
tion  of  industry  in  any  future  planning.  Further,  it 
is  contended  that  without  the  program  the  services 
would  again  be  competing  for  facilities  and  the 
time  to  get  into  production  on  long  lead  time  items 
would  be  increased.  The  program  is  under  heav)' 
attack,  however,  since  the  plan  was  designed  to 
operate  under  conditions  of  total  mobilization  with 
defense  spending  at  perhaps  twice  the  present 
volume.  It  is  argued  that  implementation  of  the 
plan  during  a  period  of  partial  mobilization  and 
restrictions  on  the  use  of  materials  has  frozen  out 
a  large  part  of  industry.  So  many  complaints  have 
been  registered  that  a  restatement  of  the  objectives 
of  the  program  and  a  restudy  of  the  items  included 
therein  has  been  deemed  advisable  by  the  Munitions 
Board. 

Procurement  Information 

What  has  been  done  to  acquaint  procurement 
personnel  with  qualified  small  business  and  to  in¬ 
form  small  business  about  the  equipments  being 
purchased?  Small  business  liaison  officers  have  been 
established  in  all  procuring  activities  to  discuss 
service  procurement  with  business  representatives. 
Each  service  has  published  pamphlets  to  guide  small 
business  in  its  efforts  to  participate.  The  Commerce 
Department  publishes  daily  a  synopsis  of  invita¬ 
tions  to  bid.  A  synopsis  of  unrestricted  contract 
awards  over  $25,000  is  also  published  by  the  Com¬ 
merce  Department.  Representatives  of  all  three 
services  have  toured  the  country  to  discuss  partici¬ 
pation  in  service  procurement  with  business  groups. 

While  it  is  conceded  that  much  has  been  accom¬ 
plished  in  terms  of  supplying  information  to  small 
business,  the  critics  contend  that  the  supplying  of 
information  does  not,  in  and  of  itself,  provide  an 
equal  opportunity  for  small  business  to  participate 
and,  since  information  cannot  replace  positive 
action,  falls  far  short  of  achieving  the  intent  of 
Congress  that  small  business  shall  receive  a  fair 
share.  However,  since  the  declaration  of  a  state  of 
emergency  by  the  President  on  December  16,  1950, 
there  has  been  a  marked  decrease  in  advertised  pro¬ 
curement  and  loud  criticisms  are  again  being  lev¬ 
elled  at  the  amount  of  procurement  information 
available. 

Complaints  from  small  business  to  members  of 
Congress  have  prompted  the  proposal  of  a  number 
of  bills  designed  to  assist  small  business.  These  bills 
have  consistently  proposed  establishing  an  agency 
with  authority  to  remove  any  procurement  from  the 
hands  of  the  procurement  officer  where  deemed 
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advisable  and  to  place  the  procurement  with  such 
small  businesses  as  it  may  select.  Proposals  of  this 
sort  have  been  unequivocally  opposed  by  the  serv¬ 
ices  on  the  grounds  that  proper  logistic  support  for 
a  military'  force  can  not  be  achieved  where  the  per¬ 
formance  of  such  support  is  taken  out  of  the  hands 
of  procurement  personnel  while  leaving  them 
charged  with  responsibility. 

A  hornets  nest  of  criticism  has  resulted  even  in 
the  area  of  the  Commerce  Department’s  synopsis 
of  invitations  to  bid,  the  area  calculated  to  afford 
a  maximum  opportunity  for  small  business  to  par¬ 
ticipate.  The  cost  of  preparing  blue  prints  and 
specifications  precludes  stocking  an  unlimited  sup¬ 
ply  and  on  occasion  the  estimate  of  the  require¬ 
ments  has  fallen  short  of  the  demand.  The  irrita¬ 
tion  of  those  whose  requests  can  not  be  filled  is 
understandable.  Although  there  have  been  instances 
where  the  investment  in  drawings  and  specifications 
has  come  close  to  the  cost  of  the  procurement,  every 
effort  is  being  made  to  satisfy  the  requests. 

Positive  Assistance 

Realizing  the  serious  consequences  that  would 
result  if  small  business  failed  to  participate  suffi¬ 
ciently  in  service  procurement,  and  mindful  of  the 
comments  of  Congress  that  to  date  the  aids  to  small 
business  had  been,  for  the  most  part,  informational 
and  not  positive  action,  the  Armed  Services  Pro¬ 
curement  Regulations  Conference  appointed  a  small 
business  subcommittee  made  up  of  members  of  the 
three  services.  This  committee  was  asked  to  study 
the  small  business  problem  and  to  prepare  and 
recommend  a  positive  course  of  action  for  consid¬ 
eration  by  the  Munitions  Board  which  would  form 
the  basis  for  a  permanent  solution. 

The  Small  Business  Subcommittee,  in  its  report 
broke  down  the  possible  aids  to  small  business  into 
two  groups  ( 1 )  those  which  were  within  the 
authority  of  the  Department  of  Defense  without 
direction  from  higher  authority  or  additional  legis¬ 
lation  and  (2)  those  requiring  enactment  of  legis¬ 
lation.  It  was  the  opinion  of  the  subcommittee  that 
a  positive  course  of  action  could  be  charted  having 
a  good  chance  to  solve  the  problem  without  resort¬ 
ing  to  legislation.  Five  recommendations  were 
accepted  by  the  ASPR  conference  and  forwarded 
to  the  Munitions  Board.  First,  it  was  recommended 
that  small  business  specialists  and  small  business 
target  objectives  be  established  within  each  procur¬ 
ing  activity.  Small  business  liaison  officers  had  been 
in  existence  for  some  time  but  the  scope  of  their 
activities  had  been  limited  to  the  disseminating  of 
information.  It  was  now  proposed  that  the  small 
business  specialists  should  play  a  much  broader  role 
and  perform  functions  including  the  following: 

(a)  Serve  as  a  focal  point  in  the  procurement 
office  to  which  small  business  concerns  may  make 
or  direct  inquiry  concerning  participation  in  the 
military  procurement  program  and  concerning 
advice  or  assistance  in  the  performance  of  military 
contracts. 


(b)  Assist  Federal,  State  and  authorized  private 
agencies,  if  requested,  in  making  an  inventory  of 
the  productive  facilities  of  small  business  concerns 
and  arrange  to  furnish  those  agencies  such  data 
concerning  small  business  sources,  facilities,  and 
capabilities  as  the  procurement  office  may  have  on 
hand. 

(c)  Institute  a  program  to  discover  small  busi¬ 
ness  sources  capable  of  participating  in  procure¬ 
ments  to  meet  current  and  anticipated  requirements. 

(d)  Review  requirements  prior  to  procurement 
action  and  determine  to  his  own  satisfaction  which 
requirements  are  susceptible  of  accomplishment  by 
small  business. 

(e)  Make  recommendations  to  the  contracting 
officer  with  respect  to  competency,  capacity,  and 
credit  of  a  specific  small  business  concern  or  con¬ 
cerns  capable  of  accomplishing  a  specific  require¬ 
ment. 

(f)  Make  appropriate  recommendations  to  the 
contracting  officer  in  connection  with  the  issuance 
of  certificates  of  necessity,  defense  order  priorities 
and  allocation  ratings,  financing,  furnishing  of 
government  equipment  and  other  measures  which 
will  assist  them  in  the  conversion  and  equipping  of 
their  plants  for  the  accomplishment  of  defense 
production. 

(g)  Certify  to  the  contracting  officer,  based  on 
approved  criteria  or  on  certification  from  approved 
sources,  the  concerns,  firms,  persons,  corporations, 
partnerships,  cooperatives,  or  other  business  enter¬ 
prises  which  are  to  be  designated  "small  business 
concerns”. 

(h)  Participate  in  meetings  of  Boards  of  Con¬ 
tract  Awards  or  Review  Committees  where  such 
boards  or  committees  have  been  or  may  be  estab¬ 
lished. 

(i)  Recommend  to  the  contracting  officer  or  such 
other  officer  as  may  be  designated  by  the  appointing 
authority  the  award  of  a  contract  to  a  specific  small 
business  concern  for  the  purpose  of  broadening  the 
industrial  base. 

(j)  Furnish  assistance  to  small  business  concerns 
on  problems  arising  during  performance  of  con¬ 
tracts  such  as  financing,  defense  order  priority  and 
allocation  ratings,  inspections,  and  payments,  or 
direct  such  contractors  to  the  proper  agencies  for 
assistance. 

(k)  Obtain  information,  where  practicable,  con¬ 
cerning  the  methods  and  terms  used  by  prime  con¬ 
tractors  in  letting  subcontracts;  and  make  recom¬ 
mendations  to  the  appointing  authority  with  respect 
to  those  practices  which  discourage  small  business 
concerns  from  taking  an  interest  in  subcontracting 
or  which  are  unfair  and  inequitable  as  to  price  and 
conditions. 

(l)  Maintain  liaison  and  exchange  information 
with  other  local  government  agencies  for  the  pur¬ 
pose  of  rendering  the  maximum  amount  of  assist¬ 
ance  to  small  business. 

(m)  Review,  prior  to  submission,  procurement 
office  reports  concerning  the  letting  of  contracts  and 
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subcontracts  to  small  business  concerns  and  make 
pertinent  comments  to  the  appointing  authority 
regarding  such  reports. 

(n)  Recommend  small  business  target  objectives 
to  the  appointing  authority,  with  reference  to  the 
percentage  amount  of  dollars  which  should  be 
awarded  to  small  business  concerns. 

(o)  Review  small  business  target  objectives, 
periodically  or  when  directed  by  the  appointing 
authority  for  the  purpose  of  recommending  revised 
target  objectives. 

(p)  Observe  the  effect  of  current  procurement 
policies  on  the  amount  of  small  business  participa¬ 
tion  in  the  procurement  program  and  recommend 
to  the  appointing  authority  changes  in  existing  poli¬ 
cies  or  the  formulation  of  new  policies  to  increase 
the  amount  of  such  participation. 

Second,  it  was  recommended  that  Federal,  State 
and  community  agencies  be  enlisted  to  coordinate 
and  facilitate  the  efforts  of  small  business  to  par¬ 
ticipate  in  service  procurement.  Third,  it  was  recom¬ 
mended  that  in  appropriate  circumstances  prime 
contracts  be  placed  for  components  parts  and  an 
additional  prime  contract  with  the  assembler  of  the 
equipment  or  purchaser  of  the  components.  Fourth, 
it  was  recommended  that  the  Armed  Services  Pro¬ 
curement  Regulations  be  amended  to  include  a 
statement  of  Department  of  Defense  policy  with 
respect  to  negotiated  procurement  similar  to  the 
policy  previously  included  for  advertised  procure¬ 
ment.  Fifth,  it  was  recommended  that  a  notice  of 
negotiation  be  published  prior  to  the  negotiation  of 
certain  procurements.  The  five  recommendations  of 
the  subcommittee  were  adopted  by  the  Munitions 
Board,  together  with  the  following  statement  of 
the  Department  of  Defense  procurement  policy 
regarding  assistance  to  small  business  and  broad¬ 
ening  the  industrial  base  of  suppliers. 

(1)  Review  of  the  Production  Allocation  Pro¬ 
gram,  for  the  purpose  of  determining  those  items 
which  can  be  procured  from  a  broad  number  of 
sources  and  from  various  classifications  of  industry. 

(2)  Maximum  use  of  available  industrial  capac¬ 
ity,  with  limited  use  of  Certificates  of  Necessity  in 
those  cases  where  necessary  industrial  capacity  is 
not  available. 

(3)  Review  of  military  requirements  and  pro¬ 
curement  methods,  for  the  purpose  of  assisting 
small  business  and  broadening  the  industrial 
capacity  if  not  available. 

(4)  Establishment  of  a  training  program  for 
procurement  personnel  covering  the  problem  of 
small  business  and  the  need  .  for  broadening  the 
industrial  base  of  suppliers. 

(5)  Encouragement  of  subcontracting,  with  each 
important  and  substantial  negotiated  purchase  to  be 
examined  to  determine  the  extent  to  which  subcon¬ 
tracting  should  be  encouraged  or  required.  The 
extent  of  subcontracting  shall  be  considered  as  one 
of  the  factors  in  the  negotiation  and  pricing  of 
prime  contracts. 


(6)  Payment  of  justifiable  price  differentials  in 
negotiated  procurements  to  accomplish  the  objec¬ 
tives  of  broadening  the  industrial  base  of  suppliers. 

(7)  Appointment  of  small  business  specialists  in 
procurement  offices  to  increase  small  business  par¬ 
ticipation  in  defense  procurement. 

(8)  Adoption  of  a  broad  publicity  program  cov¬ 
ering  (i)  basic  objectives  of  broadening  the  indus¬ 
trial  base  of  suppliers,  (ii)  purchase  methods  and 
practices,  (iii)  aids  to  small  business,  (iv)  the 
number  and  dollar  amounts  of  prime  contracts 
awarded  to  small  business,  and  (v)  the  desirability 
and  extent  of  subcontracting. 

Concern  over  the  degree  of  participation  of  small 
business  in  service  procurement  was  manifested  in 
another  quarter  when  General  Harrison,  DPA 
Administrator,  established  the  Defense  Production 
Authority  Executive  Committee  for  small  business. 
Represented  on  the  committee  are  the  three  services, 
the  Munitions  Board,  NPA,  GSA,  DPA,  AEC,  and 
the  GAO.  This  group  is  prepared  to  develop  and 
implement  additional  policies  in  behalf  of  small 
business. 

Summary 

Monopoly  and  restraints  in  trade  are  no  longer 
the  order  of  the  day  but  government  is  again  deeply 
involved  in  the  regulation  of  trade.  The  Sherman, 
Clayton,  Federal  Trade  Commission  and  Robinson- 
Patman  Acts  were  passed  to  maintain  competition 
and  free  small  business  from  predatory  trade  prac¬ 
tices  incompatible  with  its  survival.  As  in  World 
War  II,  the  substitution  of  military  procurement 
for  civilian  buying  has  forced  small  business  to 
search  for  business  under  unfavorable  circumstances 
of  competition  tending  toward  monopolies  and  the 
suppression  of  competition.  In  World  War  II  a 
solution  was  sought  through  legislation  and  it  is 
again  being  suggested.  The  services  have  been 
accused  of  limiting  their  assistance  to  small  business 
to  information  only  but  no  positive  assistance.  The 
services  do,  however,  consider  it  imperative  to 
render  positive  assistance  to  small  business  in  order 
to  eliminate  competitive  disadvantages  and  assure 
the  survival  of  small  business.  To  this  end,  per¬ 
sonnel  are  being  established  in  all  procuring  activ¬ 
ities,  not  merely  to  supply  information,  but  to  rep¬ 
resent  small  business  at  every  stage  of  the  procure¬ 
ment  action.  Every  assistance  will  be  given  to  Fed¬ 
eral,  State  and  community  organizations  in  order  to 
make  known  those  small  businesses  qualified  to  be 
prime  contractors,  and  as  much  procurement  infor¬ 
mation  as  practicable  will  continue  to  be  available 
to  small  business.  The  interests  of  the  small  busi¬ 
ness  whose  role  must  be  that  of  a  subcontractor  will 
not  be  ignored  but  accorded  equal  assistance  within 
its  orbit.  Small  business  has  a  place  in  service  pro¬ 
curement  limited  only  by  its  qualifications  and  every 
effort  is  being  exerted  to  assist  it  to  achieve  that 
place. 
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Strength  and  durability  required  to  withstand  destructive  forces  and  orguisms  of  the  sea  differ  from  requirements 
necessary  to  withstand  forces  encotmtered  on  land  or  in  the  air.  Wood  continues  to  be  an  important  ship  building 
material  and  a  source  of  supply  of  choice  structural  timbers  is  assured  as  a  result  of  laminating  teuniques  developed  by 
American  ingenuity. 

The  size  and  quality  requirements  of  wood  shipboard  members  are  being  solved  by  laminating.  The  technology  of 
wood  preservation  is  challenged  to  solve  the  problem  of  supplying  wood  resistant  to  deterioration. 


Introduction 

Marine  laminating  is  an  exact  technical  art  born 
of  World  War  II  shipbuilding  needs  for  large 
high  auality  structural  timblers.  The  Bureau  of  Ships 
is  traaitionally  dependent  upon  lumber  and  timber 
of  the  highest  grades  available  from  domestic  and 
foreign  forests.  Those  of  us  in  the  Bureau  of  Ships 
concerned  with  specifications  and  quality  control  of 
forest  products  for  marine  usage  recognize  that  this 
tradition  has  been  a  heritage  from  the  earliest  writ¬ 
ten  records  of  shipbuilding.  The  Phoenicians,  Ro¬ 
mans  and  later  European  countries  successively  ex¬ 
ploited  the  choice  Lebanon  cedar  of  Mediterranean 
forests  so  completely  that  today  only  a  small  grove 
of  100  trees  remains  in  the  garden  of  a  Lebanese 
monastery.  American  forests  first  rang  to  the  ship¬ 
builder’s  axe  almost  1,000  years  ago  when  Green¬ 
land  Vikings  "Eric  the  Red”  and  his  son  "Leif” 
harvested  a  cargo  of  logs  from  the  North  American 
mainland  between  Cape  Cod  and  Nova  Scotia. 

The  first  cargos  shipped  to  England  from  the 
Plymouth  and  Virginia  Colonies  included  cedar  logs 
from  Cape  Cod  and  naval  stores  from  Jamestown. 
Throughout  our  early  history  the  American  white 
oak  and  other  choice  shipbuilding  woods  were 
sought  and  used  by  every  sea  power  that  explored 
the  Western  Hemisphere. 

Woods  for  Shipbuilding 

The  course  of  history  which  has  led  to  United 
States  naval  supremacy  has  in  our  times  left  its 
battle  scars  on  our  forests.  In  1944  the  Navy  re¬ 
quired  9,000,000  tons  of  steel;  during  the  same 
period  3,000,000  tons  of  wood  were  required  for 
all  types  of  naval  military  construction,  afioat  and 
ashore.  It  is  becoming  increasingly  difficult  to  meet 
the  requirements  for  shipbuilding  timbers  from  our 
domestic  old  growth  trees.  Despite  promising  re¬ 
cent  developments  in  structural  aluminum  and 
molded  plastic  boat  hulls,  wood  continues  to  serve 
many  important  shipbuilding  needs.  Wood  is  our 

^The  views  expressed  by  the  author  are  not  to  be  con¬ 
strued  as  representing  those  of  the  Navy  Department. 


only  naturally  renewable  structural  material.  It  is 
significant  tlut  the  present  shipbuilding  program 
gives  high  priority  to  wooden  vessels  of  non- 
metallic,  non-magnetic,  laminated  design. 

Sawn  timber  products  used  in  naval  construction 
are  of  three  types:  Utility  lumber,  structural  timber, 
and  special  boat  and  shipbuilding  lumber.  The  first 
type  consists  essentially  of  construction  or  yard  lum¬ 
ber  generally  stocked  in  grades  of  No.  1  Common 
and  Better  hardwoods  and  No.  3  Common  and  Bet¬ 
ter  softwoods.  A  wide  choice  of  domestic  woods 
from  every  lumber  producing  region  are  prcKured 
under  grade-marking  rules  of  the  various  lumber 
associations  to  provide  the  advantages  of  a  com¬ 
petitive  market  and  broad  geographical  supply 
sources.  Such  lumber  serves  countless  purposes  in¬ 
cluding  the  fabrication  of  intricate  model  ship  de¬ 
signs  at  the  David  Taylor  Model  Basin  utilizing 
cherry  lumber  from  Pennsylvania,  and  white  pine 
from  Idaho  or  California;  submarine  battery  wedges 
made  at  Philadelphia  Naval  Shipyard  from  New 
England  beech  or  maple;  and  laminated  small  boat 
members  and  keel  blocks  made  of  Douglas  fir, 
southern  pine  or  white  oak  at  several  shipyards. 
Lower  lumber  grades  are  also  procured  at  all  ship¬ 
yards  for  pallets,  boxes,  crating  and  dunnage. 

The  quality  of  structural  timber  and  special  boat 
and  shipbuilding  lumber  must  conform  to  certain 
basic  principles  of  design.  These  materials  for  use 
in  stage  and  scaffold  plank,  shipdecking,  planking 
and  framing  timbers  must  be  stocked  in  the  highest 
grades  and  largest  sizes  available  and  their  procure¬ 
ment,  therefore,  presents  the  greatest  problem  from 
the  standpoint  of  available  supply. 

The  principal  woods  used  by  the  Navy  on  the 
basis  of  quantity  required  are  Douglas  fir,  southern 
pine,  "other  softwoods,”  white  oak  and  "other 
hardwoods,”  in  the  order  named.  Considering  ship¬ 
building  needs  alone,  white  oak  ranks  second  in  the 
volume  required.  "Other  softwoods”  include  cedar 
(southern  white.  Port  Orford,  Alaska,  and  western 
red),  cypress,  hemlock,  larch  (tamarack),  pine 
(white,  sugar,  ponderosa,  red,  and  lodgepole),  red¬ 
wood,  spruce,  (Sitka.  Engelmann,  and  white). 
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"Other  hardwoods”  include  ash,  balsa,  basswood, 
beech,  birch,  cherry,  cottonwood,  gum,  elm,  hickory, 
ironbark,  lignum  vitae,  mahogany,  maple,  teak,  and 
yellow  poplar.  The  uses  for  these  woods  have  been 
evolved  through  many  years  of  shipbuilding.  Be¬ 
cause  the  timbers  of  tremendous  size  cut  from  old 
growth  trees  are  not  always  available  in  the  quan¬ 
tities  and  grades  required  from  eastern  and  south¬ 
ern  forests,  the  shipwright’s  choice  for  material  has 
shifted  to  suitable  species  of  large  size  in  the  Pacific 
Northwest,  Alaska  and  tropical  America. 

White  oak,  because  of  its  structural  superiority 
and  durability  is  an  important  component  of  many 
types  of  wood  hull  Naval  vessels,  including  thirty 
five  designs  of  patrol,  landing,  district  craft,  mine¬ 
sweepers,  auxiliary  transport,  salvage  and  rescue 
vessels  ranging  from  70  to  183  feet  in  length  and 
over  twenty  five  designs  of  small  wood  boats  up  to 
63  feet  in  length.  Steam  bent  or  sawn  bolted  frames, 
keels,  stems,  skegs,  shaftlogs,  knees,  stern  posts,  and 
deck  beams  for  many  of  the  50,000  wooden  craft 
in  our  two-ocean  Navy  of  World  War  II  utilized 
white  oak. 

The  total  white  oak  requirements  for  the  present 
wood  shipbuilding  program  are  tentatively  esti¬ 
mated  at  approximately  30,000,000  board  feet.  This 
is  equivalent  to  approximately  one-sixth  of  the  1950 
production  of  this  species  in  grades  of  No.  1  Com¬ 
mon  and  Better.  The  ships  will  be  several  years 
in  building,  and  provisions  are  made  for  utilizing 
treated  red  oak  and  other  suitable  alternate  species. 
As  a  part  of  this  program,  the  facilities  of  American 
forest  products  industries  to  produce  laminated  ship 
timbers  are  being  studied  for  mobilization. 

Marine  Laminating 

The  development  of  marine  laminates  such  as  are 
specified  in  the  present  naval  wood  minesweeper 
program  originated  about  1939  or  1940.  The 
process  evolved  for  gluing  large  straight  or  curved 
ship  timbers  for  the  Bureau’s  gigantic  needs  utilized 
principles  of  laminated  arch  construction  introduced 
in  the  United  States  from  European  sources,  with 
one  major  distinction.  The  casein,  and  urea-formal¬ 
dehyde  glues  found  to  be  suitable  for  interior  lami¬ 
nates  in  shore  built  structures  delaminated  in  salt 
water.  Modern  phenolic  resin  glues  such  as  have 
been  used  in  marine  or  exterior  type  plywood  since 
1920  and  cured  in  hot  plate  presses  at  temperatures 
of  350°  F.  were  considered  uneconomical  in  the 
production  of  large  timbers.  The  Bureau  explored 
the  possibility  of  high-frequency  curing  of  the  high- 
temperature  setting  phenolic  adhesives  about  1941, 
but  preliminary  experiments  were  not  promising, 
due  to  the  variable  dielectric  properties  encountered 
in  large  wood  assemblies  of  the  species  and  shapes 
required  for  ship  timbers. 

In  1942,  when  the  need  was  great  the  Bureau 
called  a  conference  of  synthetic  adhesive  manufac¬ 
turers,  presented  the  problem,  and  within  6  weeks 
their  lalsoratories  produced,  with  the  help  of  a  Di¬ 


vine  Providence  and  American  ingenuity,  a  resin 
adhesive  curing  at  a  lower  temperature  than  the 
boiling  point  of  water,  and  durable  under  extreme 
service  exposure  at  sea.  A  great  variety  of  lami¬ 
nated  ship  and  boat  parts  have  been  produced  for 
the  Bureau  (Fig.  1). 
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Fig.  1. — A  forty-foot  motor  launch  having  completely 
laminated  foundation  including  capping,  deck  frames, 
shaft  log,  stem,  horn  timber,  and  transom,  fabricated  at 
the  Puget  Sound  Naval  Shipyard  Bremerton,  Washington. 
(Official  photograph,  U.  S.  Navy.) 


The  Bureau  of  Ships  may  justly  be  proud  of  a 
part  in  this  development,  which  is  the  first  major 
contribution  to  wooden  shipbuilding  in  2,000  years. 
One  of  the  Bureau’s  ship  designers  informed  me 
that  he  scanned  wooden  shipbuilding  literature  from 
the  era  of  Viking  ships  to  the  present  in  the  drafting 
of  the  hull  detail  plans  for  a  165-foot  wooden 
minesweeper.  A  volume  published  in  1863  on 
wooden  ship  design  (7)  describes  methods  evolved 
at  the  peak  of  large  wooden  ship  construction,  and 
represents  accumulated  knowledge  from  an  almost 
forgotten  generation  of  master  boat  builders  and 
shipwrights  working  with  the  finest  old  growth 
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timbers.  When  such  a  reference  book  is  again  pub- 
iished,  the  Bureau’s  present  laminated  ship  design 
will  mark  a  new  era  in  this  field. 

Adhesives  for  Marine  Laminating 

The  intermediate  and  room-temperature-setting 
adhesives  of  phenol,  melamine,  or  resorcinol  base 
formulated  for  marine  laminating  are  procured  un¬ 
der  Military  Specification  MIL-A-397.(I).  Adhe¬ 
sives  suppliers  are  required  to  submit  proposed  in¬ 
termediate  temperature  setting,  type  II  class  2, 
marine  service  adhesives  for  approval  testing.  These 
tests  require  approximately  35  days  for  completion 
and  include  21 -day  accelerated  cyclic-exposure  and 
block  shear  tests  of  laminated  white  oak  beams 
cured  in  accordance  with  manufacturers’  instruc¬ 
tions.  Acceptance  of  a  marine  service  adhesive  is 
predicated  on  performance  of  test  beams  in .  com¬ 
parison  with  Standards  derived  from  extensive  in¬ 
vestigations,  also  complete  physical  and  chemical 
evaluation  of  the  adhesive  with  respect  to  composi¬ 
tion,  acidity  limitations,  cleanability,  liquid  work¬ 
ing  life,  and  storage  life.  A  Qualified  Products  List 
is  maintained  of  approved  adhesives,  in  which  the 
curing  temperatures  and  curing  period  maintained  at 
the  innermost  glue  line  for  each  manufacturer’s 
type  II  class  2  adhesive  is  shown. 

Laminating  Techniques 

Laminating  procedures  for  white  oak  and  for 
Douglas  fir  ship  and  boat  members  are  described  in 
specifications  MIL-O-15154  (2)  and  MIL-F-2038 
(3)  respectively.  These  specifications  list  in  detail 
the  material  requirements  and  closely  controlled  fab¬ 
rication  procedures  and  conditions  which  must  be 
met  and  followed  to  produce  acceptable  prefabri¬ 
cated  marine  laminates  of  these  species.  A  little  less 
than  10  years  of  experience  in  laminating  by  several 
Naval  shipyards  and  by  private  concerns  specializ¬ 
ing  in  laminated  wood  for  naval  construction  have 
established  the  need  for  a  relatively  high  tempera¬ 
ture  of  cure  to  develop  oak  glue  joints  equal  in 
strength  to  solid  wood  that  resrst  delamination  un¬ 
der  extreme  service  conditions  in  sea-water  (4).  A 
number  of  phenolic-resin  and  melamine  adhesives 
cured  at  190°  F.  at  the  inner  glue  line  for  10  hours, 
and  resorcinol  adhesives  similarly  cured  at  140°  F. 
for  10  hours  have  successfully  resisted  delamination 
in  white  oak  beams  as  shown  by  several  years  serv¬ 
ice  use,  and  by  weathering  and  accelerated  cyclic- 
expdsure  tests  conducted  at  Naval  Shipyards  and  at 
the  U.  S.  Forest  Products  Laboratory.  Douglas  fir, 
southern  pine,  white  ash,  and  similar  woods  having 
lower  density  than  oak  have  been  successfully  glued 
for  boat  and  ship  timbers  using  resorcinol  adhesives 
cured  at  somewhat  lower  temperatures,  for  the  same 
curing  period.  Each  type  of  adhesive  and  each  spe¬ 


cies  of  wood  to  be  glued  must  be  related  to  a  defi¬ 
nite  laminating  procedure  based  on  performance 
requirements.  (5 ) 

Laminating  procedure  specifications  are  being 
considered  for  such  shipbuilding  wood  products  as 
teak-Douglas  fir  decking,  ash  boat  stock,  scarfed 
long-length  ship  planking,  and  many  other  items 
procured  by  the  Bureau.  The  research  necessary  to 
develop  adequate  material  specifications  is  gaining 
momentum  at  many  government,  private,  and  insti¬ 
tutional  laboratories.  Only  through  thorough,  pains¬ 
taking  effort  will  this  relatively  young  offspring  of 
the  forest  products  family  grow  into  a  modern  pro¬ 
gressive  industry. 

The  challenges  presented  are  worthy  of  the  best 
technical  skill  we  can  summon.  Primarily,  these 
problems  lie  in  the  realm  of  wood  preservation 
technology.  Old  growth  timbers  with  their  large 
proportion  of  durable  heartwood  for  the  ship¬ 
wright’s  needs  are  fast  becoming  nostalgic  mem¬ 
ories.  Research  to  determine  means  for  suppressing 
and  completely  arresting  deterioration  of  woods 
subject  to  extremes  of  decay,  weathering  and  ma¬ 
rine-borer  attack  is  the  key  to  wider  acceptance  of 
a  great  variety  of  domestic  wood  species  as  a  struc¬ 
tural  shipbuilding  material.  Laminating  has  only 
unlocked  the  outer  door  to  this  problem. 
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Discussion 

L.  J.  Jaworski  (Borden  Gimpany) :  Is  the  present 
industry  laminating  capacity  adequate  for  Bureau 
of  Ships  needs? 

Mr.  Kuenzel:  Capacity  is  adequate  for  fir,  not  for 
oak.  Some  capacity  is  not  situated  favorable  with 
regard  transporting  of  large  members  to  point  of 
use. 

/.  M.  Stevens  (Bureau  of  Aeronautics,  Dept,  of 
the  Navy) :  Is  high  frequency  gluing  presently 
being  employed  for  curing  marine  laminates  ? 

Mr.  Kuenzel:  For  scarfing  and  pre-curing  of 
glues — yes,  by  some  of  the  larger  laminators;  for 
complete  curing  it  is  still  in  the  developmental 
stage. 

Dr.  Frank  B.  Smith  (Dow  Chemical  Company) : 
How  many  of  the  50,000  wooden  ships  built  dur¬ 
ing  World  War  II  are  still  serviceable  from  a  decay 
standpoint  ? 

Mr.  Kuenzel:  In  general,  small  boats  that  were 
stored  indoors  and  larger  ships  placed  in  dehumid¬ 
ified  storage  are  still  in  good  condition;  boats  stored 
out  of  doors  have  required  extensive  overhaul.  The 


British  method  of  keeping  wood  boats  and  ships 
in  service  even  though  it  means  turning  such  vessels 
over  to  civilians  has  proved  very  satisfactory  in  that 
such  vessels  are  seaworthy  if  and  when  required. 
A  craft  in  use  is  better  preserved  than  a  craft  in 
storage. 

R.  C.  Fraunberger  (Philco  Corporation) :  We 
have  been  using  two  LCVP’s  for  the  last  six  years 
and  I’m  surprised  that  they  have  stood  up  as  well 
as  they  have.  We  have  had  very  little  repair. 

Mr.  X:  Are  any  adhesives  other  than  those  cov¬ 
ered  by  Specification  MIL-A-397  suitable  for 
marine  laminating? 

Mr.  Kuenzel:  The  urea  adhesives  proposed  in 
World  War  II  delaminated  in  salt  water  when  used 
on  white  oak,  and  no  modified  or  fortified  mate¬ 
rials  other  than  those  specified  in  MIL-A-397  have 
been  tested  sufficiently  to  justify  their  use  in  ship 
building. 

Mr.  X:  Can  wood  treated,  both  for  decay  and 
for  marine  borer  protection,  be  laminated? 

Mr.  Kuenzel:  Yes,  with  proper  preparation  of 
material. 


t. 


Selecting  White  Oak  Trees  for  Bending  Lumber 


Maxon  Y,  Pillow,  Technologist,  Forest  Products  Laboratory,^ 
Forest  Service,  U.  S.  Department  of  Agriculture 


White  oak  for  bending  meeting  Navy  specifications  was  found  to  be  produced  from  straight,  well-formed  trees  of 
large  oak,  characterized  by  vigorous  growth,  a  weight  of  not  less  than  40  pounds  per  cubic  foot,  and  6  to  15  annual 
rings  per  inch. 


Introduction 

"D  ENDING  oak  for  boat  construction  is  a  special- 
^  ized  nuterial.  Large  amounts  of  bending  lumber 
are  needed  in  order  to  build  and  maintain  the  many 
small  boats  that  are  used  by  the  Navy  Department. 
Wood  for  this  use  must  be  strong,  tough,  suitable 
for  bending  to  desired  shapes,  and  relatively  resist¬ 
ant  to  decay  in  exposed  conditions.  Inherent  quali¬ 
ties  of  the  wood  in  some  species  of  the  white  oak 
group  meet  these  requirements,  and'  these  species 
have  been  used  with  considerable  success  for  a  long 
time.  Experience  has  shown,  however,  that  certain 
pieces  fail  during  the  bending  operations,  thus  caus¬ 
ing  appreciable  losses  in  material  and  labor.  In 
order  to  minimize  the  occurrence  of  failures  during 
bending  operations,  the  Forest  Products  Laboratory 
examined  characteristics  of  white  oak  trees,  logs, 
and  lumber  which  were  being  supplied  for  bending 
purposes  to  the  Navy  Department  according  to  its 
specifications.* 

The  purpose  of  the  work  was  to  summarize  infor¬ 
mation  on  conditions  of  growth  and  kinds  of  trees 
that  were  being  selected  to  supply  material  in 
accordance  with  the  Navy  Department  specifications 
for  bending  oak.*  Experience  with  some  bending 
oak  indicated  that  reasonable  success  in  bending  had 
been  obtained  by  careful  adherence  to  the  specifi¬ 
cations. 

In  cooperation  with  the  Bureau  of  Ships,  U.  S. 
Navy,  bending  oak  being  produced  on  commercial 
operations  was  examined  in  the  vicinity  of  Blue- 
field,  W.  Va.,  and  also  Shumm,  O.  This  work  was 
limited  to  procedures  of  selecting  the  trees  and  saw¬ 
ing  the  lumber  to  be  offered  for  inspection  for  con¬ 
formance  with  Navy  Department  specifications  for 
bending  oak.*  Operations  of  the  contractors  supply¬ 
ing 'that  material  were  visited,  and  the  characteristics 
of  the  material  were  observed  and  discussed  with 
the  contractors.  An  over-all  picture  was  obtained  of 
the  characteristics  required  in  trees,  logs,  and  lumber 
to  meet  specifications  for  bending  oak. 

^  Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 

*C)ak,  white,  and  elm  (for  bending)  Navy  Department 
Sp>ecihcation  39-0-6c,  Aug.  15,  1946. 


bpecies  and  Site  Conditions 

White  oak  {Quercus  alba)  was  preferred  in  West 
Virginia  for  bending  material.  In  that  locality,  it 
was  relatively  free  from  the  large  worm  holes 
caused  by  insects  in  the  wood  of  some  other  species 
of  the  white  oak  group.  Bur  oak  (Q.  macrocarpa) 
usually  was  not  considered  suitable  for  bending 
in  that  area.  Because  of  relative  freedom  from  worm 
holes,  however,  vigorously  growing  bur  oak  in  Ohio 
was  generally  considered  equal  to  white  oak.  Bur 
oak  in  this  locality  was  most  common  in  low  and 
moist  places,  while  white  oak  frequently  grew  on 
the  low  knolls  that  were  somewhat  better  drained. 

Sites  underlaid  with  limestone,  and  which  often 
had  loose  limestone  fragments  on  the  surface,  usu¬ 
ally  were  considered  favorable  for  trees  from  which 
to  produce  bending  oak.  Experiences  of  contractors 
supplying  bending  oak  indicated  that  such  sites  pro¬ 
duced  vigorously  growing  trees  that  were  relatively 
free  from  insect  attack.  On  the  other  hand,  soils 
which  overlaid  coal  or  mineral  deposits  in  the  West 
Virginia  area  frequently  produced  trees  with  poorer 
growth  than  did  limestone  soils.  The  lighter  soils 
of  Ohio,  which  occur  frequently  on  low  ridges,  pro¬ 
duced  white  oaks  of  poorer  growth  than  did  the 
heavier  limestone  soils.  In  general,  sites  with  rela¬ 
tively  deep  and  fertile  soils  having  good  drainage, 
which  are  commonly  recognized  as  favorable  to  vig¬ 
orous  growth  of  hardwoods,  were  sought  as  sources 
of  bending  oak  in  both  West  Virginia  and  Ohio. 

The  stands  of  timber  having  oak  trees  large 
enough  to  produce  bending  stock  usually  contained 
a  mixture  of  several  hardwood  species.  White  oak 
predominated  in  the  West  Virginia  areas,  along 
with  some  sugar  maple,  several  red  oak  species, 
chestnut  oak,  and  basswood.  Bur  and  white  oak 
were  somewhat  less  frequent  in  stands  of  the  Ohio 
areas  than  the  red  oaks,  elm,  sugar  maple,  basswood, 
white  ash,  and  beech. 

The  topography  of  the  West  Virginia  locality  was 
exceedingly  rough.  White  oak  grew  on  sloping 
benches  and  in  coves  on  the  sides  of  the  relatively 
low  mountains  of  about  3,000  feet.  In  the  Ohio 
locality,  the  land  was  approximately  level,  with  only 
small  differences  in  relative  elevations  between  low 
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areas  which  frequently  contained  bur  oak  and  only 
slightly  higher  areas  on  which  white  oak  was  more 
common. 

Many  of  the  trees  that  were  large  enough  to  pro¬ 
duce  bending  stock  in  pieces  4^  inches  square  in 
cross  section,  were  in  relatively  open  stands.  Some 
of  these  trees  had  remained  in  woodlots  after  other 
trees  had  been  removed.  Such  stands  were  consid¬ 
ered  to  be  good  sources  of  bending  oak.  Some  of 
the  stands  were  being  heavily  pastured,  while  in 
others  restricted  pasturing  in  recent  years  had  per¬ 
mitted  the  growth  of  a  considerable  number  of 
young  forest  trees. 

Characteristics  of  Trees  and  Logs 

Certain  characteristics  of  individual  trees  are  rec¬ 
ognized  as  being  essential  to  production  of  white 
oak  lumber  that  can  be  bent  successfully.  On  the 
basis  of  the  contractors’  previous  experience,  certain 
white  oak  trees  were  selected  from  which  to  pro¬ 
duce  the  bending  oak  for  the  Navy  Department  con¬ 
tracts.  In  general,  trees  sought  for  bending-oak 
lumber  had  relatively  large  diameters  at  breast 
height,  good  form,  straight  grain,  and  vigorous 
growth.  Trees  with  generally  vigorous  growth  are 
necessary  in  order  to  obtain  wood  having  between 


g.  2. — A  relatively  small  crown  of  a  white  oak  tree  with 
dead  branch  stubs  that  indicate  a  tree  of  poor  vigor. 


6  and  15  annual  rings  per  inch  and  weighing  not 
less  than  40  pounds  per  cubic  foot,  as  required  by 
the  Navy  Department  specification.  Carenil  selec¬ 
tion  of  trees  from  several  woodlots  is  required 
since  woods-run  logs  produce  only  limited  quanti¬ 
ties  of  bending  lumber  having  the  desired  charac¬ 
teristics. 


Size  of  Trees 

Trees  20  inches  and  larger  in  diameter  at  breast 
height  are  necessary  for  production  of  bending-oak 
lumber  in  41/2-inch-squares,  so  that  the  size  of  trees 
suitable  for  this  purpose  is  somewhat  restricted.  The 
age  of  trees  selected  for  bending  oak  ranged  from 
about  150  to  300  years.  The  largest  white  oaks  ob¬ 
served  in  these  studies  were  found  in  the  Ohio 
locality,  where  occasional  trees  reached  40  inches  in 
diameter  at  breast  height.  Fig.  1  shows  a  larger 
white  oak  tree  grown  in  this  area  that  had  the  char¬ 
acteristics  that  were  considered  desirable  for  bend¬ 
ing  oak.  Most  white  oaks  that  were  considered  suit¬ 
able  for  bending  material  in  the  West  Virginia 
locality  were  between  20  and  30  inches  in  diameter. 


Fig.  1. — ^This  large  white  oak  tree,  grown  in  north¬ 
western  Ohio,  has  the  desired  external  characteristics  for 
bending  oak. 
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Form  of  the  Tree 

Vigorous  tre'-'S  suitable  for  bending  oak  usually 
have  large  and  symmetrical  crowns  that  are  charac¬ 
teristic  of  trees  that  have  maintained  dominant  posi¬ 
tions  or  have  been  grown  essentially  in  the  open. 
Stubs  of  dead  branches  and  small  crowns  (Fig.  2), 
on  the  other  hand,  indicate  less  vigorous  growth 
and  often  decadence  of  the  trees.  One-sided  crowns 
also  are  undesirable  because  they  indicate  severe 
competition  of  the  trees  for  light,  water,  and  soil 
nutrients  that  are  required  for  vigorous  growth. 
Thus,  size  and  shape  of  crowns  and  presence  or 
absence  of  dead  branches  indicate  whether  trees  are 
growing  vigorously. 

Straight  and  cylindrically  shaped  trunks  also  are 
desirable  for  production  of  bending  oak  lumber  in 
order  to  minimize  the  amount  of  waste  in  sawing 
clear  pieces  with  straight  grain.  Even  large  trees 
that  have  considerable  taper  are  less  desirable  for 
bending  oak  than  somewhat  smaller  ones  with  more 
nearly  cylindrical  trunks. 

Surface  Defects 

The  parts  of  white  oak  tree  trunks  to  be  used  for 
bending  lumber  should  be  essentially  free  from  live 
branches,  knot  stubs,  and  protuberances  that  indicate 
hidden  defects.  Profuse  branching  (Fig.  3)  makes  a 
tree  entirely  unsuitable  for  this  use,  since  knots  usu¬ 
ally  cause  failure  during  the  bending  process.  The 
presence  of  hidden  knots  frequently  is  indicated  in 


Fig.  4. — Overgrowth  covering  a  knot  on  the  side 
of  a  white  oak  log. 


large  trees  by  overgrowths  (Fig.  4)  that  often  con¬ 
ceal  knots  completely.  In  addition,  the  grain  in  such 
overgrowths  usually  is  distorted,  so  that  it  is  likely 
to  cause  failure  during  bending  even  if  an  actual 
knot  is  absent  from  the  piece  cut  out.  The  presence 
of  knots  close  to  the  bark  frequently  is  indicated  by 
irregularities  and  small  breaks  in  the  bark  (Fig.  5). 

Only  the  first  log  of  most  trees  was  used  for 
bending  oak,  since  upper  logs  frequently  had  so 
many  branches  that  no  large,  clear  pieces  of  lumber 
were  obtainable.  Branches  that  are  well  distributed 
on  all  sides  of  the  tree  trunks  made  white  oak  unde¬ 
sirable  for  this  use  because  of  the  difficulty  of 
obtaining  clear  pieces  in  the  lengths  that  are  re¬ 
quired.  If,  however,  branches  or  stubs  occur  on 
only  one  side  of  the  first  logs,  the  clear  sides  of 
such  logs  often  are  suitable  for  bending  lumber. 

Spiral  Grain 

White  oak  trees  with  appreciable  slopes  of  spiral 
grain  are  not  satisfactory  for  bending  oak  because 
steep  slopes  of  grain  frequently  cause  failure  during 
bending.  A  slope  of  grain  of  1  in  15  is  the  max¬ 
imum  that  is  permitted  by  Navy  specifications  and 
obvious  spiral  grain  in  white  oak  trees  usually  ex¬ 
ceeds  that  slope,  so  that  they  are  not  suitable  for 
bending  lumber.  The  presence  of  spiral  grain  can 


Fig.  3. — A  tree  with  profuse  branching  that  makes  white 
oak  unsuitable  for  bending  lumber. 


Fig.  5. — A  white  oak  tree  with  irregularities  and  small 
breaks  in  the  bark  that  indicate  hidden  knots.  Ridges  and 
furrows  of  the  bark  follow  a  spiral  course  that  indicates 
spiral  grain  on  the  wood. 


be  detected  in  standing  trees  by  spiral  arrangement 
of  the  ridges  and  furrows  in  the  bark  (Fig.  5) 
whereas  in  a  straight-grained  tree  these  are  parallel 
to  the  longitudinal  axis  of  the  tree  (Fig.  6). 


Fig.  6. — A  white  oak  tree  with  straight  grain  that  is 
indicated  by  the  fact  that  the  ridges  and  furrows  in  the 
bark  are  parallel  to  the  longitudinal  axis  of  the  trunk. 


Width  of  Annual  Rings 

Some  general  relationships  are  commonly  recog¬ 
nized  between  properties  of  the  wood  and  width  of 
annual  rings  as  measured  by  the  number  per  radial 
inch.  In  hardwood  species,  such  as  oak,  moderate  to 
wide  annual  rings  indicate  average,  and  sometimes 
higher,  specific  gravity,  a  property  that  is  a  reason¬ 
ably  good  index  to  the  inherent  strength  of  the 
wood.®  Fig.  7  shows  well-maintained  specific  gravity 
in  an  oak  log  having  relatively  uniform  width  of 
annual  rings  in  comparison  with  reduced  specific 
gravity  correlated  with  reduced  width  of  annual 
rings.  Slowly  grown  white  oak,  as  indicated  by  ex¬ 
ceptionally  narrow  annual  rings,  usually  is  relatively 
weak  and  brash  for  the  species.^  Although  there  is 
no  established  relationship  between  brashness  and 
bending  properties  of  the  wood,  white  oak  wood 

*  Paul,  Benson  H.,  Application  of  Silviculture  in  Con¬ 
trolling  the  Specific  Gravity  of  Wood.  U.  S.  Dept,  of  Agr. 
Tech.  Bull.  No.  168.  1930. 

^Koehler,  Arthur,  Causes  of  Brashness  in  Wood.  U.  S. 
Dept,  of  Agr.  Tech.  Bull.  No.  342.  1933. 


Fig.  7. — Relatively  uniform  sj^cific  gravity  and  width  of 
annual  rings  (left)  in  comparison  with  reduced  specific 
gravity  correlated  with  reduction  in  width  of  annual  rings 
(right)  in  cross  sections  of  young  oak  trees. 
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with  extremely  narrow  rings  often  fails  in  bending 
with  crosswise  buckling  on  the  concave  surface.® 
Thus,  it  appears  that  properties  of  the  wood  are 
related  to  its  characteristics  of  structure,  and  thereby 
serve  as  guides  for  specifying  and  selecting  material 
having  qualities  within  established  limits.  For  ex¬ 
ample,  bending  oak  for  the  Navy  Department 
"shall  have  not  less  than  6  nor  more  than  15  annual 
rings  per  inch  of  radius.”* 

Examinations  of  the  ends  showed  that  many  of 
the  logs  selected  for  bending  oak  had  6  to  15  rings 
per  radial  inch.*  In  many  logs,  also,  the  annual  rings 
were  uniform  in  width,  as  indicated  in  Fig.  7  (left). 
Some  logs  and  also  some  sawed  lumber  intended 
for  this  use,  however,  had  as  many  as  20  to  25. 
rings  per  inch.  An  examination  of  log  ends  always 
should  be  made  before  bending  lumber  is  sawed, 
because  it  is  often  not  possible  to  detect  narrow 
annual  rings  in  standing  trees.  Because  of  earlier 
growth  conditions,  good-sized,  young  oak  trees 
sometimes  have  been  severely  suppressed  by  sur¬ 
rounding  trees  long  since  gone  from  the  stand.  The 
effects  of  such  suppression,  however,  had  been  re¬ 
corded  by  zones  of  narrow  rings.*  Such  zones  of 
wood  frequently  have  inferior  toughness  and  poor 
bending  quality.  In  other  trees,  however,  with  rela¬ 
tively  narrow  rings  only  at  the  center  and  with  uni¬ 
formly  wider  rings  toward  the  bark,  the  wood  fre¬ 
quently  is  dense  and  tough;®  that  is,  it  has  the  char¬ 
acteristics  that  appear  to  be  closely  related  to  good 
bending  quality. 

Bending-Oak  Lumber 

The  production  of  bending-oak  lumber  requires 
careful  sawing  of  the  logs  so  that  the  saw  cuts  are 
made  approximately  parallel  to  the  grain.  To  accom¬ 
plish  this,  the  logs  that  were  sawed  in  West  Vir¬ 
ginia  were  slabbed  with  about  5-  to  10-inch  faces, 
depending  on  their  diameter,  with  the  slabbed  sur¬ 
face  as  nearly  parallel  to  the  bark  as  possible  (Fig. 
8).  Subsequently,  41/2-inch  cants  were  sawed  par¬ 
allel  to  that  surface.  Two  saw  cuts  were  made  to 
produce  two  41/2-inch  cants  from  each  side  of  a 
26-inch  log  that  was  free  from  knot  defects.  From 
smaller  logs  only  one  cant  41/2  inches  thick  was 
sawed  from  each  of  two  opposite  sides  of  the  logs, 
then  pieces  41/2  inches  square  were  cut  from  the 
other  two  sides  after  the  slab  was  removed  (Fig.  8) . 
The  wide  cants  subsequently  were  ripped  into  as 
many  pieces  41/2  inches  in  cross  section  as  possible, 
while  the  smaller  pieces  and  the  remainder  of  the 
logs^  were  sawed  into  commercial  lumber. 

Examination  of  the  bending-oak  lumber  being 
produced  for  the  Navy  Department  showed  that  it 
was  essentially  free  from  knots  and  other  defects 
that  are  not  permitted  for  this  use.  Surface  checks 
of  a  few  pieces,  however,  indicated  slopes  of  grain 
steeper  than  the  1 -in-1 5  slope  that  is  permitted  by 
the  specification  (Fig.  9).  Such  pieces  appeared  to 

'Peck,  Edward  C.,  Bending  Solid  Wood  to  Form.  Forest 
Products  Laboratory  Rept.  No.  1764.  1950. 


Fig.  8. — Sawing  bending  oak  from  a  20-inch  log  show¬ 
ing  (top)  slabbed  surface;  (middle)  side  cant,  and  (bot¬ 
tom)  two  side  cants  and  center  flitch  from  which  41/2-inch 
square  pieces  were  cut. 


have  originated  from  logs  with  spiral  grain,  which 
frequently  can  be  detected  by  the  direction  of  fur¬ 
rows  and  ridges  in  the  bark  of  standing  trees.  Ex¬ 
cessive  slopes  of  grain  and  relatively  narrow  rings 
were  the  principal  defects  that  were  observed  in 
bending-oak  lumber. 

Reports  on  yields  of  bending  lumber  indicated 
that  logs  with  top  diameters  of  17  to  22  inches  pro¬ 
duced  about  40  percent  of  their  log  scale  as  41/2- 
inch  square  bending  stock.  Logs  with  larger  diame¬ 
ters  were  somewhat  more  economical  to  manufacture 
for  this  purpose,  since  their  relative  yield  usually  is 
higher  than  that  of  logs  less  than  24  inches  in 
diameter  at  the  top  end.  Logs  smaller  than  about 
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18  inches  at  the  top  end  usually  will  not  yield  satis¬ 
factory  bending  lumber  thicker  than  about  1  inch 
because  of  the  lack  of  clear  wood  in  such  small  logs. 

The  production  of  such  a  specialized  material  as 
bending  lumber  requires  intelligent  attention  to 
characteristics  of  trees,  logs,  and  lumber.  Producers 
of  this  material  should  select  trees  (1)  from  sites 
having  soil  conditions  favorable  to  vigorous  growth, 
(2)  having  relatively  long  lengths  free  from 
branches  and  overgrown  branch  stubs,  and  (3)  hav¬ 
ing  straight  grain  as  indicated  by  ridges  on  the  bark 
which  are  parallel  (not  spiral)  to  the  axis  of  the 


trunk.  In  addition,  large  trees  should  be  selected, 
especially  for  bending  lumber  more  than  2  inches 
thick,  so  as  to  obtain  sufficiently  clear  material  from 
the  outer  part  of  the  trunk.  Examination  also  should 
be  made  of  log  ends  in  order  to  obtain  logs  having 
between  6  and  15  annual  rings  per  inch  as  required 
by  Navy  Department  specification.  Careful  selection 
of  trees  and  logs,  with  due  regard  to  the  need  for 
avoiding  visible  defects  and  cross  grain,  will  be 
helpful  in  producing  white  oak  stock  that  is  satis¬ 
factory  for  bending  to  the  forms  required  for  the 
Navy  Department’s  small  boats. 


Fig.  9. — Pieces  of  bending-oak  lumber.  Position  of  rule  indicates  slope  of  grain  steeper 
than  1  in  15  that  probably  resulted  from  spiral  grain  in  the  tree. 
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Some  Aspects  of  Wood  Machinability  Studies 

L.  A.  Patronsky,  Associate  Professor  of  Wood  Technology,  and  H.  E.  Worth,  Wood  Technologist,  Wood 
Technology  Laboratory,  School  of  Natural  Resources,  University  of  Michigan,  Ann  Arbor,  Michigan 


"Machinability  of  wood"  is  defined.  The  history  of  machining  research  and  the  current  developments  in  this  field 
are  discussed.  Several  basic  and  applied  studies  of  macbining  problems  are  briefly  described,  with  particular  reference 
to  research  at  the  University  of  Michigan.  The  Industry  is  urg^  to  back  further  scientific  investigation  of  machining. 


What  is  Machinability? 

Although  the  term  "machinability”  may  be  new, 
-^^the  qualities  to  which  it  refers  are  familiar  to  all 
wood  processors.  These  qualities  are  the  ability  of  a 
tool  to  cut  and  the  ability  of  wood  to  be  cut. 

But  what  is  there  about  these  characteristics  of 
tool  and  material  which  we  call  "machinability” 
that  needs  organized  scientific  attention?  Is  it  not 
just  a  matter  of  production  experience  to  know  how 
diflferent  woods  machine  under  certain  conditions? 
The  experience  factor  should  certainly  not  be  under¬ 
estimated,  but  as  a  principal  means  of  solving  ma¬ 
chining  problems  it  is  slow,  inaccurate,  and  costly. 
Major  advances  in  design  and  methods  only  occa¬ 
sionally  originate  by  chance  discovery  of  technical 
facts.  Instead,  they  are  the  result  of  careful,  me¬ 
thodical  analysis  of  a  problem  beginning  with  its 
rudiments. 

Historical  Development 

The  scientfiic  study  of  machinability  is  actually 
not  very  new.  Metal  processors  have  carried  on  in¬ 
tensive  research  in  this  field  for  more  than  30  years. 
Their  studies  have  resulted  in  almost  unbelievable 
increases  in  the  rate  of  production  and  the  quality 
of  machined  metal  parts. 

Also  a  few  pioneers  in  the  woodworking  field 
have  been  aware  of  the  potential  of  machinability 
studies  for  some  time.  As  far  back  as  1928  a  com¬ 
mittee  was  formed  by  the  Wood  Industries  Division 
of  the  American  Society  of  Mechanical  Engineers  to 
consider  the  possibility  of  reducing  waste  by  im¬ 
proving  the  design  and  use  of  saws  and  knives. 
This  distinguished  committee,  composed  of  ten 
prominent  leaders  of  the  woodworking  and  machin¬ 
ery  industries,  wrote  an  inspiring  report  which,  ex¬ 
cept  for  some  of  the  statistics,  is  as  timely  today  as 
then  (i).  Among  other  things  this  committee  rec¬ 
ommended  that  the  Society  and  the  Industry  give 
substantial  financial  support  to  a  comprehensive  ma¬ 
chinability  program.  Unfortunately,  this  venture  col¬ 
lapsed  with  the  1929  debacle  and  the  farsighted 
objectives  of  the  committee  are  still  unrealized  after 
23  years. 


Since  this  early  beginning  several  relatively  small, 
but  nonetheless  important,  studies  have  been  con¬ 
ducted  both  in  this  country  and  abroad.  Kollmann 
of  Germany  in  his  "Technologie  des  Holzes”  reports 
basic  investigations  of  the  theory  of  woodcutting  by 
several  German  scientists  (8).  Harris  of  the  British 
Forest  Products  Research  Laboratory  deals  with 
some  of  the  practical  and  theoretical  aspects  of  ma¬ 
chining  wood  in  his  "Handbook  of  Woodcut¬ 
ting  (6).  Foyster,  also  of  England,  has  reported  his 
findings  (.5).  Other  investigations  have  been  made 
in  Russia  (7)  and  Japan  (II). 

In  this  country  a  modest  amount  of  machinability 
research  has  been  carried  on  in  government  and  uni¬ 
versity  laboratories  and  occasionally  in  an  industrial 
plant.  A  study  reported  by  E.  M.  Davis  of  the 
United  States  Forest  Products  Laboratory  in  1942 
dealt  with  some  of  the  machining  characteristics  of 
certain  hardwoods  (3).  The  eflFects  on  surface  qual¬ 
ity  of  such  factors  as  cutting  angle,  depth  of  cut, 
feed  rate,  cutterhead  speed,  moisture  content,  and 
knife  jointing  were  investigated  on  an  empirical 
basis. 

Investigations  of  other  aspects  of  machinability 
have  been  reported  by  Telford  (12),  Fleischer  (4), 
Reineke  (10),  Patronsky  (9)  and  others.  These 
were  for  the  most  part  analyses  of  regular  shop  proc¬ 
esses  by  careful  observation.  Also  included,  how¬ 
ever,  has  been  some  work  on  the  basic  theory  of 
cutting  wood. 

Machinability  Research  at  the  University 
of  Michigan 

During  the  1930’s  several  introductory  investiga¬ 
tions  of  wood  machining  were  made  at  the  Wood 
Technology  Laboratory  of  the  University  of  Michi¬ 
gan.  Although  these  studies  were  drastically  limited 
in  scope  by  lack  of  resources,  reliable  research  tech¬ 
niques  evolved  plus  a  small  fund  of  basic  data. 

Following  World  War  II  the  University  through 
the  School  of  Natural  Resources  provided  special 
funds  for  equipment  of  the  type  and  quality  needed 
for  studying  machinability  on  an  increased  scale. 
This  installation  was  completed  at  the  Wood  Tech¬ 
nology  Laboratory  during  1948.  In  1949  the 
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Kroehler  Foundation  of  Naperville,  Illinois,  estab¬ 
lished  a  trust  fund  which  made  it  possible  to  add  a 
technologist  to  the  staff  for  full  concentration  on 
machinability  research.  In  the  ensuing  program 
studies  have  been  made  of  several  of  the  basic  fac¬ 
tors  of  machinability,  including  surface  quality, 
energy  requirements,  kinematics  of  cutting,  and 
others.  In  addition  to  these,  several  specific  indus¬ 
trial  problems  have  been  analyzed. 

In  this  research  in  machinability  a  double-barreled 
approach — to  combine  the  theoretical  and  the  prac¬ 
tical — has  been  attempted.  The  basic  factors  of  ma¬ 
chining,  few  of  which  are  now  understood,  must  be 
sought  out.  The  writers  are  also  convinced,  how¬ 
ever,  that  many  practical  problems  demand  the  at¬ 
tention  of  intensive  organized  research.  To  neglect 
the  practical  urgencies  of  the  moment  while  we 
ferret  out  fundamentals  would  be  unrealistic.  On 
the  other  hand  we  can  expect  only  limited  progress 
in  solving  everyday  machining  problems  without  the 
necessary  depth  in  background  information.  The  in¬ 
dividual  phases  of  machinability  which  have  been 
studied  recently  at  the  Wood  Technology  Labora¬ 
tory  include  some  of  the  most  basic  aspects  of  wood¬ 
cutting  on  one  hand  and  aspects  which  are  taken 
directly  from  industrial  applications  on  the  other. 

Physical  and  Structural  Properties  of  Wood 
and  Machining 

An  advanced  graduate  student  in  wood  technol¬ 
ogy  is  now  investigating  the  relationship  between 
the  structure  of  wo^  and  the  way  it  cuts.  This  is 
one  of  many  fundamental  factors  affecting  machin¬ 
ing  processes  which  are  virtually  unknown.  An  effort 
is  being  made  to  link  up  the  various  structural  and 
physical  properties  of  wood  itself  with  its  capacity 
to  be  machined.  It  is  known  that  certain  species 
machine  better  under  given  conditions  than  others 
and  that  such  structural  features  as  direction  of  grain 
with  respect  to  the  direction  of  feed  have  an  im¬ 
portant  effect  upon  the  quality  of  machining.  In¬ 
tuitive  knowledge  of  these  effects  is  not  enough, 
however,  to  tell  us  just  why  one  species  cuts  more 
easily  than  another  or  what  we  can  do  about  machin¬ 
ing  wood  with  distorted  grain.  These  facts  lie  hid¬ 
den  in  the  basic  mechanics  of  the  wood  and  the  cut¬ 
ting  tool.  The  tools  necessary  for  a  study  of  this 
kind  are  not  a  modern  production  molder  or  a 
straight  line  rip  saw  but  the  microtome  and  the 
microscope. 

Kinematics  of  Tools 

Another  investigation  of  fundamentals  which  has 
been  found  interesting  and  enlightening  is  a  study 
of  the  kinematics  of  tool  paths  or  the  motion  of  the 
cutter  as  it  travels  through  the  wood.  Saw  teeth  or 
planer  blades  are  ordinarily  thought  of  as  traveling 
in  a  circle,  and  in  relation  to  their  own  axes,  this 
is  true.  Their  relative  path  in  stock  which  itself  has 
linear  motion  is  quite  a  different  matter,  however. 


This  subject  came  to  our  attention  in  determining 
the  nature  of  knife  marks  in  rotary  cutting.  This 
subject  was  itself  suggested  by  the  problem  of  grind¬ 
ing  multiple  knives  to  cut  in  the  same  circle. 

The  theoretical  height  of  the  "peaks”  left  by 
rotating  knives  as  the  stock  travels  past  them  was 
computed,  and  it  was  found  that  for  ordinary  con¬ 
ditions  of  cutterhead  speed  and  feed  rate  the  height 
of  these  peaks  is  extremely  small.  Assuming  that 
all  knives  cut  equally,  these  peaks  have  a  height  of 
only  a  few  hundred-thousandths  of  an  inch.  This 
dimension  may  be  found  from  the  equation 

where,  h  =  height  of  "peaks”  or  knife  marks  in 
inches 

r  =  radius  of  cutting  circle  in  inches 
m  =  number  of  knife  marks  per  inch  com¬ 
puted  from  speed  and  feed 
k  =  number  of  knives 

If  as  an  example,  we  assume  a  cutting  circle  of 
3-inch  radius,  4-knife  cutterhead,  and  conditions  of 
feed  and  speed  which  should  theoretically  give  us 
30  marks  to  the  inch,  the  solution  would  be 

’’•■=1(30x3+^) 

=  0.000045  inch 

Such  small  dimensions  suggest  that  the  marks  we 
ordinarily  see  can  be  the  product  of  other  factors, 
such  as  eccentric  spindle  rotation  or  poorly  fitted 
knives.  Further  analysis  of  this  problem  may  show 
that  improving  the  dynamic  balance  of  the  cutter¬ 
head  or  the  precision  with  which  knives  can  be  fitted 
will  greatly  reduce  such  practical  considerations  as 
the  sanding  necessary  to  remove  knife  marks. 

Energy  Requirements  of  Cutting 

Another  productive  field  of  investigation  has  been 
the  energy  or  power  required  in  cutting.  This  may 
be  approached  in  two  ways — either  by  measuring 
the  forces  required  to  remove  the  individual  chip 
with  a  precise  dynamometer,  as  has  been  done  by 
Reineke  (10),  or  by  measuring  the  energy  conver¬ 
sion  which  takes  place  in  a  machine  operating  under 
given  conditions. 

An  example  of  the  latter  is  a  study  which  was 
made  at  the  Laboratory  of  the  relative  energy  re¬ 
quirements  of  3  different  circular  rip  saws.  In  this 
study  the  net  horsepower  requirements  of  the  three 
saws  were  determined  under  various  conditions  from 
a  recording  wattmeter  in  the  saw  motor  circuit.  The 
relative  effectiveness  of  the  saws  was  calculated  in 
terms  of  efficiency  of  removing  material,  or,  the 
cubic  inches  of  material  which  could  be  removed  per 
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minute  of  operation  per  horsepower  required.  This 
relationship  is  expressed  by  the  equation 

t-  w  X  d  X  f 
^ - — 

where,  E  =  efficiency  of  removing  material  (cu. 
in.  per  min.  per  hp.) 
w  =  width  of  cut  or  saw  kerf  in  inches 
d  =  depth  of  cut  or  thickness  of  stock  in 
inches 

f  =  feed  rate  (in.  pet  min.) 

Pnj=  net  power  delivered  to  motor  (hp.) 

As  an  example,  one  saw  had  a  kerf  of  0.15  inch, 
the  thickness  of  the  stock  was  1.22  inches,  and  it 
was  found  that  for  a  feed  of  57  feet  per  minute 
(684  inches  per  minute)  an  average  of  3.08  net 
horsepower  was  required.  E  can  be  computed  as 
follows; 

_  0.15  in.  X  1-22  in.  X  684  in.  per  min. 

- 

_ 123.1 

~  3.1 

=  39.7  cu.  in.  per  min.  per  hp. 

By  comparison  the  other  two  saws,  which  were  of 
different  design,  gave  values  of  26.4  and  29.8  cu. 
in.  per  min.  per  hp. 

The  application  of  this  concept  of  power  rate  is 
•  new  in  woodworking  practice,  although  it  has  been 
used  in  an  analogous  way  in  metalworking  for  sev¬ 
eral  years.  Efficiency  may  be  thought  of  as  a  means 
of  combining  power  requirements  and  productive 
output  in  a  single  term,  avoiding  cumbersome  rela¬ 
tionships  which  are  difficult  to  visualize. 

Since  removing  material  is  the  basic  aim  of  any 
machining  operation,  it  can  be  seen  that  efficiency 
with  which  the  removal  is  performed  is  a  practical 
rating.  Almost  any  machining  process  may  be 
analyzed  in  this  way  to  determine  the  most  favor¬ 
able  conditions  of  operation. 

Cutting  Condition  and  Design  of  Tools 

Studies  of  cutting  efficiency  automatically  lead  to 
a  consideration  of  the  effect  of  the  design  and  con¬ 
dition  of  the  cutting  tool  upon  this  efficiency.  Such 
terms  as  "sharp  edge”,  "right  cutting  angle”,  or 
"proper  clearance”  need  to  be  clarified  and  given 
quantitative  meaning. 

We  all  have  some  idea  of  what  a  "sharp”  knife 
is.  But  just  what  are  the  various  attributes  which 
constitute  "sharpness”  and  how  can  they  be  meas¬ 
ured?  We  have  analyzed  some  of  these  ambiguous 
terms  and  believe  some  progress  has  been  made  in 
defining  them. 

For  instance,  it  is  tentatively  assumed  that  "sharp¬ 
ness”  is  a  function  of  the  following  independently 
measurable  factors:  (1)  Continuity  of  the  cutting 
edge,  (2)  The  surface  roughness  of  the  face  of  the 
cutter,  (3)  The  surface  roughness  of  the  back  bevel 


of  the  cutter,  (4)  The  width  of  land  formed  along 
the  edge  by  wear  or  jointing,  (5)  The  sharpness 
angle. 

It  has  been  possible  to  measure  the  continuity  of 
the  edge  and  the  surface  roughness  of  the  bevels  by 
means  of  an  electronic  analyzer  which  determines 
the  average  roughness  within  an  accuracy  of  a  few 
microinches.  The  land  formed  along  the  edge  can 
be  measured  with  considerable  accuracy  by  means 
of  a  calibrated  microscope.  The  sharpness  angle  can 
be  determined  either  by  an  optical  comparator  or  a 
vernier  protractor.  With  further  study  we  hope  to 
be  able  to  correlate  these  factors  on  the  basis  of 
their  relative  effect  upon  cutting  and  thereby  assign 
actual  values  to  "sharpness.” 

Analysis  of  Surface  Quality 

As  is  shown  above,  one  of  the  most  difficult 
problems  in  making  analyses  of  machinability  is 
that  of  providing  suitable  means  of  measurement. 
This  is  certainly  true  in  the  case  of  analyzing  the 
quality  of  machined  surfaces. 

The  part  which  well-machined  surfaces  play  in 
gluing  and  finishing  has  become  increasingly  evi¬ 
dent  in  recent  years.  These  questions  arise  repeat¬ 
edly.  How  do  we  know  when  a  surface  is  smooth 
enough  for  finishing,  or  how  can  we  tell  when  we 
have  machined  a  surface  satisfactorily  for  gluing? 
When  has  machining  under  one  set  of  conditions 
produced  a  better  surface  than  under  another? 

The  pressure  of  such  problems  has  caused  re¬ 
searchers  to  seek  an  objective  means  of  evaluating 
surface  quality.  Various  methods  have  been  tried. 
Davis  (3)  and  others  have  used  a  systematic  proce¬ 
dure  of  visual  inspection,  and  for  many  purposes 
this  is  probably  the  most  practical  methoa  yet  de¬ 
vised.  Any  visual  method  depends  much  on  the 
judgment  of  the  inspector,  however,  and  can  at  best 
be  used  only  to  distinguish  the  gross  defects  pro¬ 
duced  under  various  cutting  conditions. 

Fig.  1  shows  representative  pieces  of  stock  which 
were  machined  on  a  shaper.  Five  different  cutting 
angles  were  used  as  shown.  The  difference  in  the 
quality  of  these  surfaces  is  visually  apparent,  but  it 
is  extremely  difficult  to  rate  them  quantitatively. 
Evaluation  of  these  differences  by  measuring  differ¬ 
ential  light  reflection  or  the  varying  density  of  a 
photographic  negative  has  also  been  investigated. 

In  addition  to  the  methods  of  surface  analysis 
described  above,  various  mechanical  methods  have 
also  been  used.  At  the  Forest  Products  Laboratory 
the  roughness  of  rotary  cut  veneer  has  been  esti¬ 
mated  by  measuring  the  thickness  of  a  small  sample 
to  the  nearest  thousandth  of  an  inch  at  selected 
points.  The  degree  of  variation  in  thickness  gives 
an  approximate  evaluation  of  roughness.  Some  suc¬ 
cess  has  been  achieved  using  the  type  of  electronic 
surface  analyzers  normally  used  to  evaluate  metal, 
glass,  plastic,  and  ceramic  surfaces  (9).  These  in¬ 
struments,  which  employ  a  sensitive  stylus,  are 
capable  of  measuring  the  average  height  of  surface 
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Fig.  1. — Effect  of  variation  of  cutting  angle  on  surface 
quality  in  shaping  aspen. 


irregularities  to  the  millionth  of  an  inch.  The  range 
of  irregularities  in  wood  surfaces  is  so  much  greater 
than  in  the  materials  for  which  these  instruments 
are  designed,  however,  that  numerous  difficulties  are 
encountered. 

The  problem  of  surface  analysis  is  sufficiently 
important  to  warrant  much  greater  attention  than 
it  has  yet  received.  In  practical  application  a  usable 
method  of  determining  surface  roughness  would  be 
an  invaluable  tool  in  quality  control  and  would  lead 
to  a  solution  of  many  current  quandaries  over 
machining  and  sanding  techniques. 

Machinability  Related  to  Production  Processes 

Principal  efforts  in  machinability  research  at  the 
Wood  Technology  Laboratory  have  dealt  with  pro¬ 
duction  processes  such  as  planing,  sawing,  and  shap¬ 
ing.  The  conditions  under  which  these  studies  have 
been  conducted  are  generally  analogous  to  plant 


conditions,  with  the  exception  that  the  factors  which 
are  extraneous  to  the  measured  data  must  be  very 
closely  controlled. 

To  conduct  this  type  of  investigation,  it  is  neces¬ 
sary  to  have  standard  production  machines  which 
can  perform  the  basic  machining  operations.  These 
also  must  be  adapted  to  cover  a  wide  range  of  con¬ 
ditions.  Equally  important  are  such  auxiliary  facil¬ 
ities  as  a  dry  kiln  and  moisture  conditioning  rooms 
for  preparing  and  controlling  research  material,  a 
machine  shop  for  fabricating  special  devices,  and 
many  types  of  precision  instruments  for  observing 
machine  performance  and  behavior  of  materials. 

Over  a  period  of  several  years  facilities  of  this 
sort  have  been  installed  by  the  School  of  Natural 
Resources  at  the  Wood  Technology  Laboratory  for 
undergraduate  instruction  and  graduate  research. 
Since  the  use  of  the  equipment  in  this  capacity  is 
only  partial  or  intermittent,  it  has  been  desirable  to 
make  it  available  for  additional  faculty-supervised 
research.  Such  research  has  included  several  projects 
of  considerable  scope. 

One  major  program  has  been  conducted  in  co¬ 
operation  with  a  manufacturer  of  planers.  In  this 
program  several  of  the  basic  factors  of  planing  were 
considered.  Some  critical  features  of  machine  design 
were  also  studied  in  an  attempt  to  improve  the 
sponsor’s  product. 

Under  way  at  the  present  time  is  a  study  of  rotary 
cutting  in  which  the  effects  of  cutting  angle  and 
grain  direction  are  being  investigated  for  several 
commercial  woods.  A  shaper  is  being  used  for  this 
work  since  it  is  the  most  primary  of  all  machines 
using  the  rotary  cutting  principle.  It  offers  further 
advantages  in  ease  of  observation  and  ease  of  set¬ 
ting  up  the  desired  conditions.  Fig.  2  shows  some 
of  the  preliminary  work  of  this  study  in  progress. 
The  speed  of  the  cutterhead  while  cutting  is  being 


Fig.  2. — Machinability  study  of  a  shaper  operation. 
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checked  by  means  of  a  stroboscope  (instrument  at 
right).  The  power  required  is  graphed  by  a  record¬ 
ing  wattmeter  (at  left).  The  stock  clamped  in  the 
carriage  is  fed  at  a  constant  rate  toward  the  operator 
at  the  rear.  Among  the  essential  features  of  this 
set-up  are  a  variable  speed  motor  for  feeding  the 
stock  and  a  variable  speed  drive  for  the  cutterhead. 
Since  it  would  be  extremely  costly  to  supply  a  vari¬ 
able  drive  on  all  machines  which  are  used  for  such 
research,  a  frequency  converter  has  been  installed 
which  provides  variable  frequencies  up  to  130  cycles 
per  second.  This  makes  it  possible  to  obtain  any 
speed  up  to  more  than  double  the  rated  speed  of 
the  motor  at  60  cycles  per  second. 

Flexible,  yet  precise,  facilities  of  the  type  de¬ 
scribed  above  are  almost  mandatory  in  studying 
machining  processes.  This  opinion  is  based  upon 
many  years  of  experience  with  makeshift  arrange¬ 
ments  which  provided  neither  the  accuracy  nor  the 
convenience  essential  to  major  machinability  re¬ 
search.  That  adequate  facilities  have  been  made 
available  at  the  University  of  Michigan  and  other 
publicly  supported  institutions  is  a  momentous 
advance.  It  is  now  up  to  the  woodworking  industry 
to  take  full  advantage  of  these  resources. 

The  Outlook  for  Machinability  Research 

.  With  a  large  part  of  the  necessary  physical  plant 
already  available  it  is  only  a  short  step  to  the  estab¬ 
lishment  of  a  sound,  co-ordinated  program  of 
machinability  research.  This  program  would  help 
meet  not  only  the  urgent  needs  of  the  moment  but 
would  also  supply  the  foundation  for  general  tech¬ 
nical  advancement  in  the  future. 

A  successful  research  organization  has  many  of 
the  same  ingredients  as  a  successful  manufacturing 
venture.  Running  a  research  project  without  suffi¬ 
cient  technical  manpower  is  as  inconceivable  as 
operating  an  industrial  plant  without  a  managerial 
staff.  Yet,  at  the  various  publicly-supported  labora¬ 
tories  only  a  very  few  technologists  and  research 
engineers  are  available  for  concentration  on  wood 
machining  problems. 

Mr.  R.  D.  Brooks,  in  a  paper  presented  before 
the  American  Society  of  Mechanical  Engineers  (2) 
has  pointed  out  some  of  the  opportunities  and  re¬ 
sponsibilities  of  the  Industry  to  study  the  use  of 
carbide  tools  in  woodworking.  Although  Mr. 
Brooks  discusses  a  specific  subject  for  investigation, 
we  believe  that  his  reasoning  is  valid  for  all  phases 
of  machining.  He  says,  "There  are  four  groups  who 
are,  or  should  be,  vitally  interested  in  the  ultimate 
success  of  carbide  tools  in  the  woodworking  field: 
(1)  the  producer  of  carbides,  (2)  the  fabricator  of 
the  carbide  tools,  (3)  the  manufacturer  of  the 
woodworking  machinery,  (4)  the  user  or  consumer 
of  these  tools  and  equipment. 

We  believe  that  these  four  groups  which  are 
vitally  concerned  with  wood  machining  should 


either  as  individual  companies  or  through  their 
associations  lend  financial  support  to  research  from 
which  they  will  each  derive  benefits.  For  maximum 
effectiveness  it  is  suggested  that  this  support  be  in 
the  form  of  trust  funds  or  research  fellowships. 
Such  a  cooperative  program  certainly  should  not 
impose  an  undue  burden  upon  individual  firms  and 
would  make  it  possible  to  disseminate  widely  the 
results  of  machinability  research  in  a  manner  similar 
to  that  now  used  by  the  United  States  Forest 
Products  Laboratory. 
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Where  and  How  to  Use  and  Maintain  Carbide  Cutting 
Tools  in  the  Wood  Industry 


Donald  E.  Flinchbaugh,  Redco  Tool  Company,  Red  Lion,  Pennsylvania 


Tungsten  catbide  tools  have  numerous  applications  in  the  woodworking  industry,  especially  on  cutting  jobs  where 
dulling  of  tools  is  rapid.  Proper  tool  maintenance  is  a  desirable  and  very  profitable  adjunct  or  carbide-equipped  plants. 


Machining  wood  is  a  basic  job  in  the  wood 
industry,  as  well  as  one  of  the  most  expensive 
operations.  Machinery  and  cutting  tools  are  costly, 
and  workers  must  be  skilled.  For  many  years  the 
machinery  manufacturers,  engineers,  factory  man¬ 
agers,  and  the  industry,  as  a  whole,  have  ignored 
the  stagnation  of  this  important  phase  of  wood¬ 
working.  Now,  due  to  the  acceptability  of  tungsten 
carbide  tools,  the  industry  has  awakened  from  its 
hibernation.  The  machinery  builders  are  now 
actively  planning  and  designing  machines  with  the 
cutting  tool  foremost  in  their  minds.  Machines  are, 
and  will  be  available,  with  dynamically  balanced 
spindles,  more  accurate  tool  mountings,  greater 
spindle  speeds,  and  increased  horsepower. 

In  this  discussion  of  tungsten  carbide,  let  us  bear 
in  mind  that  its  greatest  difference,  from  high  speed 
steel,  is  that  the  carbide  is  harder,  and  therefore, 
more  resistant  to  wear.  The  high  concentration  of 
tungsten  and  cobalt,  necessary  in  the  manufacture  of 
this  diamond-hard  material,  causes  it  to  be  expen¬ 
sive.  We  cannot,  however,  always  justify  the  exces¬ 
sive  cost  of  carbide  tooling.  In  most  applications, 
cost  is  a  limiting  factor.  But  in  a  great  many  appli¬ 
cations,  initial  cost  is  not  always  the  greatest  ex¬ 
pense.  The  most  distressing,  and  perhaps  the  great¬ 
est  expense  of  tungsten  carbide  tooling,  is  mishan¬ 
dling,  improper  grinding,  and  the  delay  and  expense 
in  mailing  when  it  is  necessary  to  return  tools  to  the 
tool  manufacturer  for  re-grinding. 

Where  Carbide  Fits  In 

Carbide  is  a  must  in  many  cases.  When  working 
with  synthetic  materials,  laminated  wood  products, 
and  second  growth  woods  which  carry  mineral 
streaks,  or  in  applications  where  high  speed  steel 
will  not  hold  an  edge  more  than  a  few  hours,  its 
value  is  unchallenged.  Carbides  can  and  should  be 
used  in  every  application  where  savings  can  be  real¬ 
ized,  after  comparing  its  initial  cost,  and  the  cost  of 
maintenance,  with  your  present  high  speed  steel 
applications,  with  emphasis  on  maintaining  the 
quality  of  the  work. 


On  this  basis,  for  a  shop  of  medium  size  and 
larger,  the  use  of  cemented  carbide  is  recommended 
for  the  following: 

A.  On  planers  and  hand  jointers  under  6  inches 
in.  width. 

B.  On  automatic  edge  jointers. 

C.  On  moulders  and  shapers  for  all  straight 
knife  heads.  Also  on  profile  heads  when  abra¬ 
sive  materials  are  to  be  machined,  or  when  a 
set  of  knives  will  be  re-sharpened  more  than 
20  times  in  the  life  span  of  the  shape. 
Cemented  carbide  profile  heads  for  shapers 
and  moulders  can,  in  many  cases,  be  pur¬ 
chased  for  only  a  little  more  than  a  set  of 
high  speed  steel  knives.  This  provides  the 
advantage  of  an  additional  tool,  and  elimi¬ 
nates  the  cost  and  delay  of  mounting  knives 
in  individual  heads. 

D.  On  router  machines;  straight  cutters,  where 
length  of  cut  is  not  excessive.  On  profile 
shapes,  where  abrasive  materials  or  glue  lines 
are  encountered. 

E.  On  saw  operations. 

In  practically  90  percent  of  saw  applications, 
carbide  tipped  saws  can  be  profitably  used. 
Caution  should  be  exercised  in  very  fine  tooth 
cut  off  operations. 

Care  and  Maintenance 

To  experience  any  real  success  with  the  use  of 
tungsten  carbide,  proper  maintenance  and  care  in 
handling  must  be  practiced.  The  position  of  the 
wood  industry  today,  relative  to  the  care  and  main¬ 
tenance  of  carbides,  is  an  exact  duplicate  of  the 
metal  industry  in  1934,  where  no  headway  in  its 
use  was  made  until  it  had  developed  and  trained 
men  in  controlled  grinding  procedures.  These  men 
in  turn  spread  its  correct  care  and  use  throughout 
the  shop.  As  a  result,  the  metal  working  machine 
tools  of  today  are  designed  around  cemented  carbide 
tooling. 

If  the  industry  were  denied  the  use  of  carbide, 
our  present  defense  effort  would  be  seriously  handi- 
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capped  and  there  would  be  a  considerable  increase 
in  the  price  of  its  products. 

Let  us  review  briefly  what  an  intelligent,  well 
trained  person  in  charge  of  tool  maintenance  could 
do  for  your  plant. 

1.  Discontinue  the  purchase  of  110  diflferent 
types  of  saws  in  favor  of  approximately  12 
well  chosen  sizes  and  tooth  ranges. 

2.  Have  moulder  heads  properly  ground  with 
correct  profiles  and  clearance  angles,  ready  to 
mount  and  run  on  the  moulder,  thus  eliminat¬ 
ing  65  percent  of  the  machine  down  time. 

3.  Have  shaper  cutters  properly  made  and  avail¬ 
able  when  needed. 

4.  Supply  you  with  the  proper  tools,  correctly 
,  ground,  available  for  the  job  at  the  right  time. 

This  should  promote  approximately  a  90  per¬ 
cent  reduction  in  the  expense  of  delay. 

It  is  the  writer’s  opinion  that  a  great  many  of  the 
plant  managers  are  unaware  of  the  high  cost  of  an 
unregulated  tool  maintenance  shop. 

'There  is  really  nothing  complicated  or  unusual 
about  handling  timgsten  carbide  tools.  The  ordinary 
care  given  any  type  of  precision  cutting  tool  is  suffi¬ 
cient.  Rough  treatment  or  careless  abuse  wUl  result 
in  dulled  or  chipped  cutting  edges.  Damage  to  cut¬ 
ters,  such  as  chipping,  and  sometimes  breakage, 
which  appears  after  a  run,  is  in  most  cases  caused 
by  careless  handling  when  mounting  the  tool  in  the 
spindle.  Best  results  in  protecting  carbide  tools  are 
ODtained  by  instruction,  and  supplying  suitable  car¬ 
rying  cases  with  instruction  for  the  proper  care  and 
use  of  the  tools.  These  instructions  are  available 
from  competent  tool  manufacturers.  It  has  been 
found  that  capable  operators,  properly  instructed  on 
the  use  of  carbide  tools,  have  been  the  most  enthusi¬ 
astic  promoters  of  the  program. 


Proper  grinding,  done  at  the  right  time  will  do 
more  than  anything  else  to  prolong  the  life  of  car¬ 
bide  tools.  More  dulling  occurs  in  the  last  20  per¬ 
cent  of  the  useful  life  between  grindings  than  ip 
the  other  80  percent  of  its  use.  If  a  grinding  sched¬ 
ule  is  set  up  so  that  a  tool  can  be  re-ground  before 
dulling  to  the  extent  of  indicating  poor  finish,  chip¬ 
ing,  or  tear  outs,  it  will  be  possible  to  restore  the 
een  cutting  edge  by  the  removal  of  .002  inch  to 
.004  inch  rather  than  the  .006  inch  to  .012  inch 
necessary  when  utilizing  the  last  20  percent.  As  you 
can  see,  a  regulated  grinding  schedule  will  result  in 
%  greater  tool  life,  and  maintain  higher  product 
quality. 

When  grinding  cemented  carbide  a  diamond 
wheel  of  100  grit  or  finer  should  be  used,  mounted 
on  a  dynamically  balanced  precision  spindle,  run¬ 
ning  at  about  5,000  surface  feet  per  minute.  Not 
more  than  one-half  of  0.001  of  an  inch  of  carbide 
should  be  removed  per  pass  of  the  tool  across  the 
wheel. 

Since  carbide  tools  cannot  successfully  be 
jointed,  good  grinding  equipment  should  be  used 
to  assure  accurate  results.  Care  should  be  exercised 
so  that  the  tool  is  set  in  the  same  relation  to  the 
wheel  as  previously  ground  to  maintain  the  same 
cutting  or  clearance  angles. 

If  proper  equipment  is  available,  and  tools  are 
not  aoused,  regrinding  costs  should  be  no  more 
than  on  comparative  high  speed  steel  tools. 

Centralized  Tool  Control 

To  really  benefit  by  the  saving  afforded  by  use  of 
cemented  carbide  tools,  each  plant  should  have  a 
central  grinding  department,  with  equipment  and 
know  how  to  properly  maintain  all  the  carbide  tools 
used  in  its  operations.  In  shops  of  medium  size  and 
larger,  it  has  been  proven  that  tool  maintenance 
costs  can  be  substantially  reduced  with  an  increased 
carbide  tool  program. 


Discussion 

E.  Sigurd  Johnson  (North  Carolina  State  Col¬ 
lege)  :  Straight  line  rip  saw — should  kerf  be  in¬ 
creased  for  carbide  vs  high  speed? 

Mr.  Flinchbaugh:  Usually  reaction  is  "kerf  too 
wide.’’  Overlook  that  with  13  gauge  steel  but  due 
to  set  kerf  in  carbide,  is  actually,  if  anything,  less 
than  with  steel. 

R.  D.  Brooks  (Firth  Sterling  Steel  &  Carbide 
Corporation) :  This  question  is  somewhat  mislead¬ 
ing.  The  term  high  speed  could  refer  to  high  arbor 
speeds,  high  material  feed  rate,  or  to  the  ambiguous 
term — high  speed  steel.  Considering  these  in  order, 
it  is  our  belief  that: 

High  arbor  speeds  are  generally  accepted  as  an 
aid  to  blade  rigidity.  'This  speed  would,  under  good 
to  excellent  operating  conditions,  allow  use  of  a 


thinner  blade.  The  key  here  is  the  accuracy  of  the 
operating  machinery,  the  saw  itself  and  the  condi¬ 
tions  under  which  this  equipment  and  its  operators 
must  produce. 

High  speed  material  feed — if  material  is  fed  into 
a  saw  at  an  increased  rate  while  ifs  speed  and  tooth 
spacing  remain  the  same,  a  greater  chip  load  per 
tooth  will  result.  This  increased  chip  load  will  pro¬ 
duce  additional  strain  on  the  rim  of  the  blade.  This 
increased  load  may  be  compensated  for  by  either  of 
two  methods — (1)  increasing  the  number  of  teeth 
or  (2)  increasing  arbor  speeds  to  bring  more  teeth 
into  the  cut  for  each  foot  of  material  feed.  Under 
this  latter  condition,  it  would  be  possible  to  reduce 
the  kerf  of  the  saw. 

This  use  of  high  speed,  often  referring  to  the 
type  steel  used  in  the  manufacture  of  wood-cutting 
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saws  is  a  misnomer.  High  speed  steel  is  rarely  used 
to  manufacture  wood-cutting  saws.  They  cannot  be 
set  and,  when  hollow  ground  for  clearance,  require 
extreme  care  in  resharpening. 

In  conclusion,  it  is  possible,  and  it  is  general 
practice,  to  provide  less  initial  clearance  on  a  car¬ 
bide  tipped  saw  than  on  a  set  or  swaged  saw. 
Standard  clearances  will  average  .045  to  .050  inch. 
This  is  possible  with  carbide  tips,  as  they  do  not 
lose  the  sharp  point  clearance  as  rapidly  as  the 
carbon  steel  saw  with  its  needle  points. 

John  Griffith  (Mississippi  Products  Inc.) :  Has 
equipment  been  placed  on  the  market  for  replacing 
carbide  inserts  in  saws? 

Mr.  Flinchbaugh:  Substantial  investment  in 
grinding  and  bra2ing  equipment  and  about  three 
saws  per  machine  are  suggested  if  factory  mainte¬ 
nance  is  practiced. 

Mr.  Brooks:  Basically,  all  that  is  required  to  re¬ 
place  carbide  tips  are:  brazing  torch,  flux,  silver 
solder  and  considerable  skill,  craftsmanship  and 
experience  on  the  part  of  the  mechanic.  Once  the 
tip  is  brazed  in  place,  it  must  be  ground  on  the 
face,  top  and  both  sides  to  line  up  with  the  remain¬ 
ing  teeth.  This  grinding  requires  the  use  of  a  sub¬ 
stantial  and  accurate  tool  and  cutter  grinder  and  a 
diamond  wheel  of  the  correct  grade.  These  two 
rocesses  appear  simple  enough,  but  are  complicated 
y  a  number  of  conditions.  The  application  of  heat 
must  be  carefully  controlled  to  prevent  distortion 
of  the  steel  plate.  Perhaps  the  ultimate  solution  will 
be  sections,  with  brazed  carbide  teeth,  which  can  be 
mechanically  held  and  adjusted  in  the  plate. 

Mr.  Griffith:  Have  carbide  tipped  saws  proven 
satisfactory  on  ripping  operation  on  continuous  core 
gluing  machines  such  as  Taylor  or  Plycor? 

Mr.  Flinchbaugh:  Automatic  cut-off  applies  con¬ 
siderable  side  pressure  on  saws  but  there  are  several 
successful  applications.  Much  depends  on  balance 
of  the  saw. 

Mr.  Brooks:  Where  the  material  is  being  fed  at 
the  same  time  as  the  saw  is  cutting  across,  there 
will  be  pressure.  This  has  been  compensated  for  on 
some  equipment  by  either  of  two  methods:  (1) 
arrangement  for  advancing  the  saw  assembly  at  the 
speed  of  travel  of  the  material  such  as  is  used  in 
cutting  insulation  board  blanket,  or  (2)  momen¬ 
tarily  halting  the  flow  for  the  saw  to  travel  across 
and  lifting  the  saw  for  the  transverse  travel. 

Mr.  Griffith:  How  can  side  pressure  develop  in 
Taylor  gluing  machine? 

Mr.  Flinchbaugh:  If  constant  ratio  is  held,  there 
will  be  none. 

Davis  R.  Godwin  (Atlantic  Plywood  Corpora¬ 
tion)  :  How  do  you  qualify  a  woodworking  plant 
as  to  medium  or  large  in  size? 

Mr.  Flinchbaugh:  Basis  is  number  of  machines 
rather  than  number  of  men  employed. 

Joseph  Paul  (Phenix  Manufacturing  Company) : 
How  can  carbide  tools  be  used  in  shops  with  only 
semi-skilled  labor? 


Mr.  Flinchbaugh:  We  recommend  the  training 
of  an  individual,  preferably  someone  from  the  tool 
maintenance  department,  on  the  use  and  care  of 
carbide  tools,  with  emphasis  on  the  economical 
application  of  carbide.  The  Redco  Tool  Company 
has  set  up  a  training  program  of  this  type,  which 
we  offer  to  the  users  of  the  Redco  grinders  as  an 
added  service. 

The  training,  covering  a  period  of  one  week,  is 
done  in  our  plant,  with  some  instruction  on  appli¬ 
cations  in  the  wood  shop.  In  the  training  program 
they  are  not  only  instructed,  but  they  must  be  able 
to  grind  all  t3q>es  of  tungsten  carbide  tools  along 
with  profile  knives  for  moulders  and  shapers. 

Paul  R.  Kramer  (Texas  Forest  Service) :  What 
has  been  the  experience  of  oak  flooring  mills  using 
carbide  tipped  saws,  particularly  on  rough  end 
ripping  operations  and  on  gang  ripping. 

Mr.  Flinchbaugh:  Carbide  tipped  saws  are  not 
always  used  economically  in  oak  flooring  mills  for 
several  reasons.  Considerable  work  must  be  done 
in  the  training  of  personnel  in  the  use  of  carbide 
tools  along  with  definite  re-sharpening  schedules. 
Also,  in  many  operations,  the  type  equipment  does 
not  lend  itself  to  gang  ripping  with  carbide  saws. 

Frank  R.  Palmer  (Palmer  Machinery  Company)  : 
What  data  are  available  to  show  economies  of  car¬ 
bide  vs.  high  speed  steel  operation  and  maintenance? 

Mr.  Flinchbaugh:  No  specific  data  at  hand.  Sav¬ 
ing  (average)  of  6-10  times  in  maintenance. 

W.  Burdette  Wilkins:  This  subject  was  discussed 
at  our  Annual  Meeting  in  March,  1948  in  a  paper 
written  by  Harry  Crump  of  the  Carbaloy  Company 
and  presented  by  Mr.  Gillespie  of  the  same  com¬ 
pany.  The  subject  was  discussed  at  some  length  and 
is  recorded  in  our  1948  Proceedings.  Also,  this  was 
discussed  at  the  Northeast  Section  Meeting  at 
Chicopee  and  is  reported  in  the  Northeast  Sectional 
Proceedings  of  that  meeting. 

B.  M.  Baker  (Grand  Rapids  Chair  Co.) :  How 
thin  a  saw  kerf  is  obtainable  with  carbide? 

Mr.  Flinchbaugh:  1/10  inch  kerf  is  the  narrowest 
kerf.  Ordinarily  only  5/32  inch.  It  is  limited  by 
support  for  carbide  and  tensioning  requirements. 

Mr.  Brooks:  Carbide  tipped  saws  of  Yg  inch  kerf 
are  regularly  advertised  and  supplied  which  produce 
satisfactory  work.  There  are  isolated  cases  where 
saws  with  kerf  as  low  as  .062  inch  have  been  sup¬ 
plied  for  special  grooving  work.  Experience  indi¬ 
cates  that  thin  saws  require  higher  arbor  speeds  to 
aid  in  maintaining  tooth  alignment.  With  increased 
arbor  speeds,  the  number  of  teeth  decreases. 

Machines  with  very  accurate  arbors  and  feeding 
mechanisms,  plus  higher  arbor  speeds,  offer  the 
best  conditions  for  operating  thin  kerf  blades.  The 
thin  kerf  saw  should  be  held  to  the  minimum 
diameter  or  designed  as  a  thin-rim  saw  to  cut  mate¬ 
rial  of  specific  thickness. 

Roswell  D.  Carpenter  (Southern  Forest  Experi¬ 
ment  Station) :  You  state  that  machines  will  be 
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available  with  dynamically  balanced  spindles.  What 
do  you  recommend  doing  with  machines  that  we 
presently  own  in  order  to  make  them  perform  well 
enough  to  handle  precision  ground,  dynamically 
balanced  cutting  tools? 

Mr.  FUnchbaugh:  Spindles  in  old  equipment  can 
be  reconditioned  and  dynamically  balanced,  which 
will  result  in  greater  bearing  life,  and  an  improved 
finish.  This  is  only  recommended,  however,  when 
the  age  of  the  machine,  or  its  condition,  justifies 
the  necessary  reconditioning  expense. 

G.  A.  Johnson  (Mattison  Machine  Works) : 
Many  machines  of  ball  bearing  type  now  being  used 
will  handle  dynamically  balanced  cutting  tools  and 
give  good  results  under  certain  conditions.  It  is 
questionable  whether  this  is  possible  with  multiple 
knife  heads  such  as  are  used  on  a  moulder.  This 
subject  has  unlimited  technical  phases  and  would 
require  a  very  lengthy  paper  to  cover  all  machines 
and  phases,  therefore,  it  would  seem  each  case  and 
machine  would  have  to  be  considered  as  an  indi¬ 
vidual  job. 

William  F.  LaKamp  (Baldwin  Company) :  We 
have  difficulties  in  sawing  Mangus  Sonora  woods. 
We  have  tried  carbide  tipped  saws  and  high  speed 
steel  saws  with  various  settings  of  teeth.  The  teeth 
seem  to  lose  their  cutting  edge  very  quickly.  We 
use  Diehl  straight  line  rip  saws  and  cabinet  saws. 
What  can  we  do? 

Mr.  FUnchbaugh:  Carbide  tipped  saws  should 
perform  satisfactorily  on  sawing  Mangus  Sonora 
woods  on  a  Diehl  self-feed  rip  saw.  The  pitch  of 
the  teeth  will  depend  entirely  on  the  type  finish 
required.  Sometimes  difficulty  is  experienced  on  the 
Diehl  saw  when  using  it  in  a  trimming  operation 
when  a  sliver  wedges  between  the  saw  and  the 
chain,  driving  the  saw  against  the  cast  iron  chain 
teeth,  causing  damage  to  the  saw. 

William  C.  Hunt  (National  Homes  Corpora¬ 
tion)  :  The  general  trend  of  remarks  on  the  paper 
seem  to  be  against  the  use  of  carbide  saws  on  gang 
rip  saws.  I  would  like  more  information  on  this  use 
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of  carbide  with  the  results  of  any  experimentation 
along  this  line. 

Mr.  FUnchbaugh:  Carbide  saws  can  be  used  on 
gang  ripping  operations,  but  not  always  econom¬ 
ically.  The  greatest  difficulty  is  the  abnormal  chip¬ 
ping  of  teeth,  which  is  caused  by  one  saw  working 
against  the  other,  and  some  times  due  to  inferior 
hold  down  equipment.  We  would  recommend  a 
coarse  tooth  rip  saw  of  heavy  gage  for  gang  ripping 
operations. 

Mr.  Brooks:  The  throat  through  which  the  saws 
are  run  must  be  flat  and  flush  with  the  table.  This 
will  eliminate  the  pounding  action  of  the  board  as 
it  is  pulled  downward  by  the  saw  teeth  only  to 
spring  back  again.  Rotary  splitters  behind  each  saw 
to  aid  in  keeping  the  individual  pieces  in  line  are 
valuable.  Flat  or  roller  spring  hold-downs  for  each 
piece  are  required.  Alignment  of  saw  arbor,  feed 
rolls  and  rip  fence  must  be  accurately  adjusted  to 
prevent  binding.  Increased  arbor  speeds  with  less 
teeth  per  saw  have  proven  more  satisfactory.  This 
has  bwn  demonstrated  in  cutting  white  pine  sash 
stock  and  wet  elm  and  cottonwood  basket  slats. 
Wire  bound  box  cleats  have  been  successfully  cut 
with  12  inch  saws  having  12  teeth  per  inch.  The 
saws  have  30°  hook  ground  with  square  faces  and 
tops.  Arbor  speed  was  4200  R.P.M. 

Other  conditions  affecting  good  saw  operations 
are:  Condition  of  material  to  be  ripped.  Rough, 
cup  or  twisted  boards  cause  considerable  trouble 
when  using  standard  steel  saws.  The  wide  variation 
in  flexibility  between  carbide  and  carbon  steel 
accounts  for  many  of  the  fractures  that  occur.  The 
steel  plate  will  bend,  but  the  carbide,  because  of  its 
stiffness,  will  fracture.  Carbide  tipped  saws  have 
been  used  successfully  where  the  material  has  been 
surfaced  (preferably  on  both  sides)  and  each  piece 
is  held  in  contact  with  the  table  until  it  has  cleared 
the  saws. 

This  brief,  generalized  reply  to  Mr.  Hunt’s  ques¬ 
tion  is  by  no  means  complete.  There  are  several 
carbide  saw  manufacturers  who  would  be  willing 
to  go  into  this  problem  more  completely. 
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Carbide-tipped  woodworking  equipment  offers  the  woodworking  industry  the  benefits  of  increased  production  at 
costs  lowered  because  of  less  down  time  for  sharpenhi^  and  improved  quality  of  work.  Failure  of  carbides  to  ^ive  imme¬ 
diate  satisfaaion  in  some  cases  can  be  traced  to  their  installation  in  defective  machines.  The  profitable  eoctension  of  the 
use  of  carbides  should  be  a  joint  undertaking  of  machine  tool  builders,  cutting  tool  manufacturers,  and  wood  fabricating 
shops. 


Tungsten  carbide  is  in  truth  a  miracle  name. 

It  refers  to  a  man-made  substance  that  is  next 
to  the  diamond  on  the  hardness  scale.  Tungsten  car¬ 
bide,  or  just  plain  "carbide”  as  it  is  most  commonly 
referred  to,  has  been  known  to  high  production 
shops  for  upwards  of  25  years.  Its  use  today  is  ex¬ 
tensive  in  metal  working  shops,  but  the  woodwork¬ 
ing  shops  as  a  whole  have  yet  to  grasp  this  means 
of  greater  output. 

Practically  everyone  with  shop  experience  has 
heard  or  read  of  Tungsten  carbide.  In  some  isolated 
cases  carbides  are  still  erroneously  associated  with 
the  old  gas  generated  illuminating  light.  In  olden 
days  it  was  used  to  "light  the  way”.  Today  we  can 
use  carbide  to  "light  the  way  to  higher  output  with 
lower  unit  costs”.  But  we  have  a  long  and  dark 
path  to  follow  before  the  maximum  can  be  obtained. 

Progressive  shops  have  tried  carbides  on  one  or 
more  applications  with  generally  good  success.  The 
mediocre  and  small  shops  have  yet  to  "form  the 
carbide  habit”  because  of  poor  initial  results,  refusal 
on  part  of  employees,  outmoded  thoughts  of  man¬ 
agement,  or  because  of  lack  of  capital. 

Carbides  in  War  Efforts 

Carbides  and  their  correct  application  in  the  metal 
trades  probably  did  more  to  win  the  last  war  than 
any  other  single  production  item.  This  is  factual 
from  the  many  case  histories  conducted  by  produc¬ 
tion  engineers,  time  study  and  methods  departments, 
and  machine  tool  builders.  A  single  application  may 
be  cited  to  point  out  the  value  of  carbides  in  this 
field. 

While  the  B-29  of  war  and  present  fame  was  still 
on  the  drawing  board,  some  shops  were  engaged  in 
manufacturing  parts  for  it.  In  a  western  shop  great 
difficulty  was  experienced  in  milling  a  part  for  the 
landing  gear  assembly.  Fifty-eight  milling  machines 
working  three  shifts  daily  were  engaged.  The  mate¬ 
rial  was  so  tough,  hard  to  mill,  and  production  so 
low,  that  the  Air  Corps  was  constantly  at  manage¬ 
ment’s  throat.  Production  for  the  three  daily  shifts 
on  the  58  mills  was  only  58  parts.  To  help  break 
this  bottleneck,  it  was  decided  to  take  the  problem 
to  a  machine  tool  builder.  After  an  investigation, 


some  changes  in  fixtures  and  jigs  were  made,  mill¬ 
ing  machines  and  carbide  tipped  milling  cutters 
were  especially  designed  and  employed.  The  results 
were  unbelievable.  Eight  mills  so  prepared,  actually 
out-produced  the  original  58.  The  milled  pieces  had 
cleaner  finishes  and  dimensions  were  more  closely 
held. 

The  good  results  of  carbide  application  by  the 
metal  trades  can  be  duplicated  in  the  woodworking 
field  if  sufficient  interest  can  be  aroused  by  machine 
tool  builders,  cutting  tool  manufacturers,  and  pro¬ 
duction  shops.  Actually  it  took  a  world  war  that 
placed  our  very  lives  in  danger  to  shake  the  lethargy 
from  the  metal  trades.  When  it  became  obvious  that 
the  production  of  war  material  would  have  to  be 
speeded  to  catch  up  with  the  enemy  who  had  had 
years  of  war  production,  a  definite  turn  to  carbide 
was  made. 

Naturally  we  do  not  want  another  war  to  shake 
us  out  of  our  lethargy,  but  some  means  must  be 
taken  so  that  the  advantages  of  carbide  can  be  suc¬ 
cessfully  enjoyed. 

Co-operation  for  Progress 

Aside  from  the  consumer  who  pays  the  bill,  there 
are  three  groups  in  this  industry  who  can,  if  inter¬ 
ested,  work  together  for  the  mutual  advantages 
obtained  by  the  successful  use  of  carbides.  These 
groups  are  the  machine  tool  builders,  the  cutting 
tool  manufacturers,  and  the  wood  fabricating  shops. 
Neither  one  of  these,  no  matter  how  strong  his 
desire,  can  accomplish  the  job  by  himself.  Experi¬ 
ence,  ingenuity,  the  pooling  of  technical  knowledge, 
and  application  are  equally  important  one  to  the 
other.  Each  factor  is  so  dependent  on  the  other  that 
success  can  only  come  by  wholehearted  co-operation. 

You  may  ask  "Why  should  I  get  excited  about 
carbides?  What  will  it  mean  to  me?  How  much  is 
it  going  to  cost?  How  will  I  profit?”  One  statement 
may  be  given  for  all  these  questions.  It  follows: 
One  must  take  advantage  of  every  modern  method 
of  production.  If  he  doesn’t,  his  competitors,  with 
their  methods,  will  force  him  to  lower  his  selling 
prices,  which  in  turn  will  reduce  his  profits.  With¬ 
out  a  legitimate  profit,  he  will  have  to  close  his 
doors. 
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The  writer  is  engaged  in  manufacturing  carbide 
tipped  cutting  tools,  and  would  like  to  manufacture 
just  as  many  as  possible.  However,  if  he  and  his 
associates  were  not  making  carbide  tools,  they  would 
be  making  high  speed  tools,  so  increasing  carbide 
volume  as  such  is  not  the  objective  of  this  paper. 
Rather  the  advantages  of  carbides  to  industry,  the 
modernization  of  shops,  and  the  increase  of  profits 
to  industry  as  a  whole,  have  prompted  its  presen¬ 
tation. 

Many  of  our  operations,  and  in  fact  the  whole 
production  of  many  shops,  remain  the  same  today 
as  when  grandfather  founded  the  business.  This 
isn’t  progress,  this  is  only  hanging  on.  These  shops 
rarely  offer  competition  to  anyone.  How  can  such  a 
shop  compete  with  a  modern  shop?  Think  of  the 
quality  and  cost  for  a  moment,  if  automobiles  were 
made  today  as  in  grandfather’s  day. 

To  swing  the  metal  trades  to  carbide,  pressure 
was  brought  to  bear  by  the  production  shops.  They 
presented  their  problems  to  the  machine  tool 
builder.  He  responded,  and  in  many  cases,  built  spe¬ 
cial  machines.  In  woodworking,  in  some  instances, 
this  has  also  been  done.  The  majority  of  plants, 
however,  have  to  be  sold  on  a  better  machine  or  an 
improved  method.  Rarely  do  you  find  a  shop  buy¬ 
ing.  It  seems  therefore  that  perhaps  the  woodwork¬ 
ing  machinery  builders  and  the  cutting  tool  manu¬ 
facturers  must  take  the  initiative.  They  should  de¬ 
vote  a  share  of  their  employees  and  capital  to  re¬ 
search.  From  this  will  come  better  machines,  better 
methods,  and  a  modernization,  which  will  be  felt 
industry  wise. 

Carbides  for  Glue  Line  Ripping 

For  the  iminitiated,  it  may  be  well  to  present  a 
few  examples  of  typical  carbide  productivity  in 
woodworking.  It  would  be  safe  to  say  that  when 
steel  blades  are  used  for  glue  joint  ripping,  only  a 
jointed  blade  is  satisfactory.  The  length  of  time  this 
blade  will  remain  sharp  is  known.  Generally  a  day 
is  a  long  time,  more  often  it  must  be  removed 
sooner,  depending  of  course  on  stock  and  feed  rates 
used.  By  contrast,  a  carbide  tipped  rip  saw  blade 
will  last  for  weeks,  months,  and  some  have  been 
known  to  successfully  cut  glue  joints  after  14 
months  of  continuous  daily  production.  Admittedly 
this  is  an  exception  and  not  the  rule.  Generally 
speaking  if  care  is  used  in  putting  a  blade  on  the 
saw,  and  judgment  exercised  in  feeding,  carbides  on 
average  stock  will  go  40  to  60  times  over  steel. 
The  writer  knows  of  one  application  where  carbide 
tipped  rip  saw  blades  repeatedly  produce  280  times 
more  work  between  grinds  than  any  steel  blade  pre¬ 
viously  used.  Incidentally  on  this  application,  when 
the  steel  blades  became  dull,  they  cracked.  This  has 
not  happened  with  the  carbide  tipped  blades  because 
they  were  replaced  when  dulling  first  became  appar¬ 
ent.  It  might  be  of  interest  to  know  that  three  men 
were  engaged  in  this  rip  operation  and  with  the 
steel  blades  a  stop  was  made  every  15  minutes  for 


blade  change.  Think  for  a  moment  of  the  produc¬ 
tion  hours  lost  when  the  machine  was  stopped  every 
fifteen  minutes  and  the  three  men  idle,  the  sharp¬ 
ening  charges  consumed,  and  the  faulty  snaky  cuts 
made  as  the  steel  blade  dulled.  The  volume  in 
dollars  and  cents  in  this  instance  is  staggering. 

Carbide  Trim  Saws 

The  advantages  of  a  carbide  tipped  saw  can  be 
seen  quite  easily  by  anyone  engaged  in  making 
veneered  panels  or  using  veneered  panels  in  cabinet 
work.  Ordinarily  a  salesman  must  not  only  sell  the 
front  office  on  carbide  tipped  tools,  but  usually 
must  sell  also  the  saw  filer  or  tool  room  man.  Re¬ 
cently  a  superintendent  phoned  long  distance  to 
ask  that  a  carbide  saw  salesman  call  on  him  the  fol¬ 
lowing  day.  This  request  was  rather  strange  as  the 
salesman  had  been  calling  steadily  for  months  but 
to  no  avail.  It  developed  that  this  particular  shop 
had  suddenly  become  extremely  busy,  working  100 
hours  per  week  making  plywood  panels  for  the  tele¬ 
vision  cabinet  trade. 

Due  to  the  hours  of  production,  the  steel  saws 
used  for  trimming  the  panels  to  size  were  becoming 
dull  very  quickly.  The  cuts  were  rough  and  chip¬ 
ping  was  excessive.  Often  blades  had  to  be  removed 
immediately  after  being  placed  on  the  sizer  because 
of  excessive  chipping  and  splintering.  As  a  conse- 

?uence,  each  shift  was  depositing  many  saws  at  the 
eet  of  the  saw  filers  who  had  not  only  the  rip 
saws  to  file  and  sharpen,  but  also  the  various  planer, 
jointer  knives,  the  trim  blades,  and  all  other  cut¬ 
ting  tools.  It  was  just  too  much  for  them.  When 
the  salesman  talked  to  the  filer  in  this  department, 
saw  blades  were  actually  stacked  several  feet  high 
awaiting  to  be  filed.  It  was  these  men  who  finally 
convinced  the  front  office  of  the  need  for  carbide 
tipped  saws. 

This  organization  is  now  using  carbide  rip  blades 
on  several  saws  and  carbide  trim  blades  on  all  their 
panel  sizers.  Results  are  outstanding.  As  mentioned, 
the  shop  is  going  100  hours  a  week.  The  carbide 
trim  blades  go  eight  to  nine  weeks  before  the  first 
sign  of  chipping  on  oak  or  Sonora  veneer  appears. 
TTiese  woods,  as  you  know,  are  notorious  for  chip¬ 
ping.  The  average  life  between  grinds,  on  other 
woods,  is  ten  to  twelve  weeks.  This  shop  now  has 
approximately  $7,000  worth  of  carbide  tipped  tools. 
The  front  office,  the  saw  filers,  production  engi¬ 
neers,  the  customers,  and  of  course  the  saw  sales¬ 
man  are  all  pleased.  The  quality  of  the  panels  is 
better  because  of  straighter  cuts  and  elimination  of 
chipping. 

Some  Advantages  of  Carbides 

Carbides  permit  better  finishes,  have  a  greater  life 
between  sharpenings,  and  actually  do  some  opera¬ 
tions  not  possible  with  steel  tools.  The  elimination 
of  subsequent  jointings,  sandings,  handling,  etc. 
makes  for  great  savings  annually,  to  say  nothing  of 
higher  production  rates  by  steadily  operating  ma- 
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chines,  possible  by  the  elimination  of  down  time 
resulting  in  the  steady  flow  of  products. 

Carbide  can  be  used  successfully  on  99  percent 
of  all  cutting  operations.  However,  the  writer  does 
not  know  of  a  single  plant  so  equipped.  Some  shops 
are  eager,  but  many  have  tried  a  tool  of  this  or  that 
type  and  were  not  pleased  with  the  results.  There 
must  be,  and  are,  good  reasons  for  their  dissatisfac¬ 
tion.  Let  us  go  deeper  into  the  subject  to  see  if  they 
can  be  overcome. 

We  are  in  a  period  more  or  less  of  reformation. 
It  hasn’t  been  too  long  since  our  machinery  became 
motorized.  One  still  sees  spindles,  originally  belt- 
driven,  now  converted  by  motor  to  a  self-contained 
unit.  However,  the  majority  of  machines  are  fairly 
new.  Both  types  should  be  equipped  with  carbide 
tools.  This  is  difficult  due  to  the  old  machines,  but 
in  the  interest  of  progress,  it  should  be  done.  In 
this  transition  period  which  actually  never  ends, 
competition  forces  constant  changes. 

Personal  Observations 

From  his  experience,  obtained  from  calling  on 
woodworking  shops  from  coast  to  coast,  and  from 
the  Lakes  to  the  Gulf,  the  writer  has  arrived  at  some 
definite  conclusions.  The  first  essential  to  progress 
would  be  an  open  mind.  An  open  mind  to  thoughts 
expressed  by  those  engaged  in  the  industry.  This  we 
could  probably  call  education.  Education  is  greatly 
needed  by  machine  tool  builders,  tool  makers  and 
fabricating  plants.  Often  it  is  so  difficult  to  put  an 
idea  across.  If  you  have  ever  gone  to  the  Boss  with 
a  new  idea  you’ll  know  exactly  what  I  mean. 

It  seems  then  that  this  job  of  educating  wood¬ 
working  shops  to  the  use  of  carbides  must  come 
from  the  machine  tool  builders  and  the  cutting  tool 
manufacturers.  It  is  doubtful  if  the  fabricating  plarit 
will  go  to  them  for  new  thoughts.  However,  before 
one  can  teach,  he  must  know  his  subject  well.  Let 
us  take  up  the  woodworking  machine  tool  builder 
and  see  how  he  fits  into  the  picture. 

Woodworking  Machine  Tool  Manufacturers 

There  are,  of  all  the  woodworking  machine  tool 
manufacturers,  only  a  handful  who  stand  head  and 
shoulders  above  the  rest.  Their  reputation  is  due  to 
their  constant  efforts  to  build  superior  machinery. 
They  can  well  be  called  progressive.  However,  in 
many  other  cases  the  machinery  builder  is  making 
the  same  machines  today,  keeping  the  same  dimen¬ 
sional  tolerances,  using  the  same  materials,  and  em¬ 
ploying  the  methods  of  production  as  he  did  in  the 
20’s.  This  manufacturer  has  no  research  department, 
probably  has  no  engineer — for  with  his  product  he 
needs  none,  and  probably  no  detail  or  assembly 
drawings.  His  employees  have  been  making  this 
same  machine  for  such  a  long  time  without  any 
improvement  or  change,  that  they  know  the  dimen¬ 
sions  by  heart.  If  a  part  doesn’t  fit,  then  the  assem¬ 
bler  just  makes  it  fit. 


'This  criticism  may  seem  harsh.  It  is  no  doubt, 
but  progress  cannot  be  made  without  just  criticism 
or  without  the  pressure  of  competition.  These  manu¬ 
facturers  must  clean  house  and  open  their  minds. 
They  must  build  the  finest  machines  possible,  they 
must  place  their  ingenuity  to  work  making  the  finest 
quality  castings,  which  are  heavy,  rugged,  and  ma¬ 
chined  to  thousandths  of  an  inch  and  not  to  frac¬ 
tional  dimensions.  The  metal  machine  tool  builders 
were  confronted  with  the  same  situation.  They  faced 
the  challenge  and  conquered  it  by  newly  designed, 
more  rugged,  and  heavier  machine  tools.  All  this 
just  for  the  use  of  carbides  which  offered  more  and 
better  production.  Where  formerly  a  casting  had 
two  internal  ribs,  there  are  now  five.  Ways  are 
planed,  ground,  spotted  and  then  flame  hardened. 
Some  even  have  ways  of  hardened  alloy  inserts.  Lu¬ 
brication  to  all  parts  is  now  pressurized.  Bearings, 
whether  ball,  taper,  or  roller,  are  all  matched  pre¬ 
cision  bearings.  The  finished  tool  costs  more  than 
formerly  but  this  machine  is  capable  of  precision 
work  and  more  of  it,  than  previous  models. 

Many  woodworking  shops  would  like  to  use 
carbides  and  have  actually  tried  them,  but  results 
were  not  to  their  liking,  often  due  to  poorly  de¬ 
signed  or  poorly  constructed  machines.  In  these  in¬ 
stances  it  is  usually  customary  for  the  tool  salesman 
to  try  several  saw  blades,  or  cutters  in  his  efforts  to 
make  carbides  work.  Many  times  on  new  machines, 
which  for  some  reason  will  not  take  carbide,  a  sales¬ 
man,  or  salesmen  from  several  competing  companies 
will  try  many  blades  before  one  will  produce  a  glue 
joint.  Recently  in  a  plant  in  North  Carolina,  a  su¬ 
perintendent  stated  that  four  saw  companies  had 
sent  men  and  blades  in  for  use  on  his  new  rip  saw. 
These  four  men  tried  10  blades  before  one  was 
found  to  produce  a  glue  joint.  Yet  these  10  blades 
all  produced  good  results  on  other  machines.  It  was 
finally  agreed  that  this  particular  machine  had  a  spe¬ 
cific  vibration,  and  only  after  a  blade  of  the  same 
temperament  had  been  found,  did  it  operate  as  it 
should.  Attention  should  be  given  to  vibration 
dampeners  as  most  metal  machine  tools  now  have. 

Flanges 

Flanges,  arbor  assemblies,  and  arbor  bearings 
offer  another  touchy  problem  that  should,  and  some 
day  will  be  properly  controlled.  Many  flanges  and 
arbors  on  machines  in  the  field  have  been  checked 
with  machinist’s  indicators.  Runout  is  sometimes 
pitiful,  while  play  of  thrust  bearings  is  exorbitant. 
Both  flanges  of  an  arbor  should  have  not  more  than 
.001  runout,  less  would  be  better.  I  have  faced 
many  flanges  in  the  field  to  less  than  .001  and  have 
succeeded  in  making  carbide  blades  perform  success¬ 
fully.  The  arbor  flange  should  always  be  ground 
while  in  position  on  the  arbor.  Generally  this  is  not 
done,  as  the  flange  is  only  turned  and  then  placed 
on  the  arbor  with  no  further  attention.  I  know  that 
these  points  have  been  brought  up  many  times  be¬ 
fore,  but  there  are  still  those  who  believe  there  is 
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no  good  reason  to  build  precision  into  a  saw  as 
the  stock  will  usually  be  jointed  anyway.  These  fel¬ 
lows  with  their  "good  enough”  ideas  some  day  will 
see  the  light  of  Progress. 

Jointed  Swedge  Tooth  Blades 

Have  you  ever  wondered  why  a  jointed  swedge 
tooth  blade  produced  smooth  sawed  surfaces  and  a 
good  carbide  blade  could  not  on  the  same  saw?  The 
operator,  when  jointing  the  blade  in  position  on  the 
arbor  actually  grinds  off  the  sides  of  the  teeth  to 
make  them  track  exactly.  This  reduces  teeth  to  cor¬ 
rect  width  and  also  corrects  for  any  flange  runout 
on  that  particular  machine.  He  then  has  a  good 
blade  for  that  machine,  but  it  dulls  quickly  because 
he  has  ground  off  his  clearances.  Further,  that  blade 
cannot  be  put  on  any  other  machine  and  be  expected 
to  produce  good  glue  joints.  It  has  been  prepared 
for  one  machine  and  no  other.  A  carbide  tipped 
blade  could  not  be  put  on  such  a  machine  and  be 
expected  to  produce  good  work  because  the  flange 
runout  would  produce  such  a  high  tooth  condition 
on  the  work  as  to  render  the  work  unusable  without 
further  operations.  Carbide  blades  cannot  be  suc¬ 
cessfully  jointed  in  position.  For  smooth  finishes 
they  must  be  put  on  machines  in  top  condition. 
Machine  tool  builders  should  also  give  serious 
thought  and  research  to  building  machines  with  vari¬ 
able  rpm.  Some  day  we  will  be  machining  each 
species  of  wood  much  as  we  machine  different  types 
of  metal.  This  is  accomplished  by  variable  speeds 
and  feeds. 

The  points  brought  out  above  are  responsibilities 
of  the  machine  tool  builders.  For  the  most  part  they 
are  doing  a  grand  job,  but  some  still  close  their 
thoughts  to  perfecting  their  machines  to  take  car¬ 
bides.  Some  manufacturers  are  still  resisting  this 
progressive  movement  and  openly  advise  they  do 
not  recommend  carbides  and  want  no  part  of  them. 
We  could  not  call  these  manufacturers  open  minded. 

Responsibility  of  the  Cutting  Tool 
Manufacturers 

The  finger  of  criticism  next  points  to  the  cutting 
tool  manufacturer.  He,  too,  is  charged  with  a  grave 
responsibility,  and  should  be  made  to  do  penance 
for  a  long  time  for  his  methods  in  introducing  car¬ 
bides  to  the  fabricators.  In  many  cases  carbides  were 
over-sold  to  the  customer.  He  was  told  that  carbides 
would  last  forever  and  that  his  troubles  would  van¬ 
ish.-  They  were  represented  as  a  cure-all.  In  other 
cases  the  carbide  tool  salesman  was  an  order  taker 
and  had  no  knowledge  of  the  product.  By  quick 
talking  he  had  permission  to  write  an  order.  When 
the  tool  arrived,  it  was  placed  in  production  with¬ 
out  one  word  of  advice  or  caution.  The  result  usu¬ 
ally  was  a  badly  chipped  tool,  damaged  in  placing 
it  on  the  machine.  The  cuts  were  faulty  due  to  lack 
of  proper  rpm.  or  to  foreign  material  between  tool 
and  flange,  or  to  sloppy  fits.  If  a  tool  did  perform 


satisfactorily,  it  was  allowed  to  run  too  long,  caus¬ 
ing  excessive  wear  to  tips  and  necessitating  a  large 
repair  bill.  When  a  tool  failed  to  work  successfully, 
the  customer  registered  a  complaint.  This,  in  most 
cases,  was  ignored  by  the  tool  manufacturer.  He 
flatly  stated  that  the  tool  was  in  good  condition 
when  it  left  his  shop,  and  if  it  didn’t  work  prop¬ 
erly,  it  was  certainly  the  fault  of  the  operator.  This 
produced  bad  feelings,  as  the  customer  had  pur¬ 
chased  a  tool  in  good  faith  and  it  had  failed  to  give 
him  the  desired  results.  He  either  wanted  a  refund 
or  satisfaction,  but  got  neither,  and  consequently 
developed  the  feeling  that  all  manufacturers  were 
out  to  get  him. 

High  Cost  of  Carbides 

The  cost  of  carbide  tools  is  another  stumbling 
block.  Plants  are  not  eager  to  spend  hundreds  of 
their  scant  dollars  for  a  possible  money  saver. 

Recommendations  for  Tool  Manufacturers 

The  cutting  tool  manufacturer  should  only  offer 
thoroughly  tried  and  tested  tools  for  sale,  and  then 
only  for  use  by  skilled  personnel  on  machines  in 
good  condition.  His  salesmen  should  be  thoroughly 
trained  in  the  subject  so  they  can  be  of  real  service 
to  the  woodworkers  should  trouble  develop,  and 
offer  constructive  advice.  The  salesman  and  the  tool 
manufacturer  should  be  truthful  and  they  should 
refrain  from  buck  passing.  Tool  manufacturers 
should  develop  newly  designed  tools.  In  many  cases 
the  same  tools  used  in  the  old  days  are  tipped  with 
carbide,  but  carbides  demand  specially  engineered 
cutter  bodies.  Justifiable  complaints  should  be 
quickly  and  pleasantly  handled  for  mutual  good 
feeling.  And  lastly,  the  tool  maker  must  seek  ways 
to  lower  his  costs  so  that  carbide  tipped  tools  can 
be  available  to  every  shop  for  every  operation.  Car¬ 
bide  costs  are  high  and  in  many  cases  out  of  reach. 
A  reduction  in  price,  with  quality  maintained,  would 
permit  widespread  use  and  real  progress  would  be 
made.  It  would  also  force  machine  tool  manufac¬ 
turers  to  build  machines  capable  of  carbide  usage. 

The  Fabricating  Shop 

The  last,  but  most  important  of  the  three  inter¬ 
ested  groups  is  the  wood  fabricator.  Many  are  really 
progressive,  but  the  majority  go  along  from  day  to 
day  in  the  same  manner  as  they  did  years  ago. 
These  fellows  need  education.  Their  minds  are 
closed.  They  are  reluctant  to  take  advice  or  to  make 
changes  that  cost  money.  Usually  the  initial  outlay 
is  all  they  consider.  This  barrier  to  progress  is  grad¬ 
ually  being  diminished,  as  sons  of  owners  are  now 
coming  from  the  universities  where  they  have  seen 
the  advantages  of  modernization,  and  usually  won’t 
rest  until  changes  are  made  in  their  plants.  Many 
shops  are  sending  key  men  to  educational  meetings 
where  new  methods  are  discussed.  This  helps  prog¬ 
ress  as  it  creates  a  desire  in  the  minds  of  these  key 
men  who  will  try  to  duplicate  these  improvements. 
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Any  and  all  progress  costs  money.  He  who  profits 
most  should  pay  the  most.  Often,  tool  or  machinery 
builders  are  asked  to  design  or  even  build  a  special 
item  at  considerable  expense.  The  customer  will 
approach  them  with  the  proposition  that  if  it  works 
he  will  buy.  This  is  too  much  to  ask.  The  fabri¬ 
cator  must  be  willing  to  spend  his  own  money  for 
improvement.  This  is  so  much  in  contrast  to  the 
ways  of  the  metal  workers.  They,  when  a  new  idea 
or  method  is  brought  up,  commission  someone  to 
build  it.  They  realize,  from  experience,  that  it  can¬ 
not  be  had  any  other  way. 

Most  woodworkers  do  not  employ  engineers. 
This  position  is  usually  filled  by  the  tool  and  ma¬ 
chine  manufacturer.  This  spirit  of  helpfulness  is 
granted  willingly,  but  it  has  its  bad  points,  espe¬ 
cially  in  the  matter  of  designing  cutters  for  a  given 
pattern  or  shape.  The  knife  and  cutter  head  people 
will  tell  you  of  the  number  of  re-works  on  a  no¬ 
charge  basis  they  make  in  a  year.  This  could  be 
eliminated  if  all  data  were  incorporated  in  blue¬ 
prints,  but  in  the  woodworking  industry  most  tools 
have  not  been  made  to  prints,  but  to  shapes  and  de¬ 
signs.  With  this  method  trouble  develops. 

Maintenance  of  Machinery  and  Tools 

Education  in  machine  and  tool  maintenance  is 
also  vitally  important.  There  may  be  many,  but  to 
my  knowledge,  there  are  only  a  few  shops  employ¬ 
ing  full  time  maintenance  crews.  It  is  their  duty  to 
check  every  checkable  point,  and  repair  every  ma¬ 
chine  every  thirty  days.  Not  only  does  this  eliminate 
costly  repairs  and  down  time,  but  it  also  keeps  a 
machine  in  proper  condition  for  carbide  or  other 
application.  Machine  tools  must  be  in  good  order 
for  carbide  use.  Good  order  means  proper  rpm., 
true  running  arbors  and  flanges,  correctly  operating 
feed  chains,  end  play  in  spindles  down  to  a  mini¬ 
mum,  and  all  working  parts  closely  fitted  and  prop¬ 
erly  lubricated. 


The  woodworker  should  also  charge  someone 
with  the  responsibility  of  frecjuent  attention  to  his 
carbide-tipped  tools.  He  should  handle  the  tools 
with  extreme  care  when  putting  on  the  machine.  He 
should  know  that  bumps,  nicks  or  other  foreign 
material  between  tools  and  collars  make  for  an  in¬ 
accurate  assembly  with  resultant  poor  finishes.  He 
should  know  when  to  remove  a  tool  for  sharpening. 
The  fact  that  a  tool  is  still  producing  satisfactorily 
is  no  proof  that  it  is  not  dull.  More  tools  are  pre¬ 
maturely  worn  out  by  over  running  than  by  any 
other  means.  A  predetermined  grinding  date  should 
be  established  fo  every  tool.  This  permits  the  poten¬ 
tial  life  built  into  the  tool  to  be  used.  Ordinarily 
a  tool  is  so  badly  used  from  long  operation  after 
initial  dulling  that  much  carbide  is  wasted  when 
ground.  Often  it  is  necessary  to  remove  as  much 
carbide  in  grinding  out  nicks  as  would  ordinarily 
be  removed  in  four  or  five  or  more  normal  regrinds. 

Enough  for  the  criticism.  Things  have  been  said 
that  might  have  hurt.  They  were  not  meant  to  hurt, 
however,  but  rather  were  offered  for  the  good  of  the 
industry.  You  will  note  that  remarks  of  critical 
nature  were  not  directed  to  any  one  group,  but 
rather  to  the  three  groups  controlling  progress.  The 
remarks  were  made  in  a  spirit  of  friendliness  and 
totally  without  malice  and  the  writer  sincerely  hopes 
that  they  will  be  taken  in  the  same  spirit  in  which 
they  were  given. 

The  writer  and  his  associates  have  a  house  to 
clean  and,  believe  me,  we’re  cleaning  now  and  are 
going  to  clean  until  our  house  is  in  perfect  order. 
Progress  can  only  be  made  at  an  expense  in  one 
form  or  another.  You  would  undoubtedly  prefer  to 
make  progress  voluntarily  rather  than  to  be  forced 
into  a  change  by  competition.  It  costs  no  more  to 
progress  with  carbides  than  with  other  means,  and 
from  past  personal  experiences  in  the  metal  trades 
and  in  the  woodworking  industry,  more  profits  can 
come  from  carbides  than  from  any  other  single  item. 
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The  pressure  treating  of  lumber  to  increase  its  fire  resistance,  which  began  in  the  United  States  in  the  1890’s,  greatly 
expanded  during  World  War  II.  Aside  from  the  stimulus  brought  by  war,  peace  time  fireproofim;  is  expected  to  expand 
because  of  the  development  of  suitable  large-scale  fire  tests  and  their  acc^ance  by  building  ofincials  and  building  code 
committees  as  criteria  for  the  acceptance  of  nuilding  materials  for  use  in  given  locations.  Service  records  for  fire  retardant 
lumber  are  gradually  accumulating.  It  may  not  be  long  before  the  insurance  underwriters  will  seriously  review  the  entire 
field  of  fireproofed  lumber  with  respect  to  reduced  insurance  rates. 


The  term  "fire  retardant  treated  lumber”  refers 
to  wood  which  has  been  impregnated  with  chem¬ 
icals  to  increase  its  fire  resistance.  The  chemicals 
are  forced  into  the  wood  under  pressure  in  water 
solutions,  after  which  the  material  is  either  air-dried 
or  kiln-dried  leaving  the  dry  chemical  deposited  in 
the  wood. 

In  the  United  States  the  fireproofing  of  wood,  as 
it  is  sometimes  called,  was  started  by  the  Protexol 
Corporation  in  the  early  1890’s,  with  the  first  com¬ 
mercial  installation  reportedly  made  in  1895  (17). 
From  that  time  up  until  the  beginning  of  World 
War  II  the  industry  was  more  or  less  localized 
around  the  New  York-New  Jersey  area.  However, 
the  tremendous  military  demands  for  fire  retardant 
treated  lumber  in  the  early  1940’s  caused  the  indus¬ 
try  to  become  nationwide.  Today,  there  are  more 
than  30  wood  preserving  plants  in  the  United  States 
equipped  to  produce  pressure  treated  fire  retardant 
lumber.  Whereas  the  production  during  World 
War  II  was  much  greater  than  in  the  succeeding 
years  of  peace,  it  is  significant  to  note  that  there  is 
still  a  sizeable  demand.  Table  1  gives  the  produc¬ 
tion  in  board  feet  of  lumber  treated  in  the  years 
1947,  1948,  and  1949  {22).  Also  shown  are  the 
quantities  of  dry  fire  retardant  chemicals  used. 

Table  1. — Quantities  of  Timber  Fireproofed,  and 
Quantities  of  Fire  Retardants  Used  in 
THE  United  States  1947-1949 


Timber  Treated 
(board  feet) 

Region  1947  1948  1949 

Atlantic  Coast .  li  218,54.5  6,042,391  5,621,829 

Southern  Coast .  315,797  1,188,102  600,987 

Interior  Eastern .  1,252,968  965,036  1,192,922 

Interior  Western . .  750,185  259,171 

Pacific  Coast .  237,. 583  634,073  363,728 

Total. . 5,024,893  9,579,787  8,038,637 

F5re  retardants  used 
(pounds) 

1947  1948  1949 

ToUl. .  1,136,291  1,. 582, 437  1,348,757 


The  production  in  the  1950’s  will  no  doubt 
greatly  exceed  the  figures  shown  in  the  table  because 
(1)  military  demands  are  expected  to  increase,  (2) 
recognized  fire  testing  agencies  have  now  tested  and 


rated  all  commercial  fire  retardants  in  accordance 
with  approved  fire  test  procedures,  and  (3)  the 
building  code  committees  have  set  up  requirements 
for  various  forms  of  building  construction  based 
on  the  ratings  derived  from  these  fire  tests. 

Table  2  gives  the  commercial  fire  retardants  and 
their  formulations  (5  10  11).  Lumber  and  timber 
furnished  under  the  Navy  Department  specifica¬ 
tions  are  accepted  either  on  the  Ijasis  of  absorption 
and  penetration  requirements  only  or  on  the  basis 
of  small  scale  fire  check  tests.  There  are  two  alter¬ 
nate  test  methods  known  as  the  crib  and  fire  tube 
tests,  both  of  which  are  standard  A.S.T.M.  meth¬ 
ods  {12  3). 

The  American  Wood  Preservers’  Association  (5) 
is  currently  adopting  four  formulations  as  standard 
A.W.P.A.  fire  retardants  (See  Table  2).  Specifica¬ 
tion  numbers  for  these  four  retardants,  as  well  as 
specifications  for  treatment  and  acceptance,  are  ex¬ 
pected  to  be  determined  in  the  near  future. 

Fire  Tests  and  Ratings 

To  properly  evaluate  fire  retardant  treated  wood 
in  the  laboratory,  the  test  must  be  on  a  reasonably 
large  scale,  and  the  exposure  of  the  test  specimens 
to  the  fire  must  be  comparable  to  the  conditions 
encountered  in  actual  fires.  Built-up  structures  such 
as  doors,  floors,  and  partitions  are  generally  tested 
for  resistance  against  fire  penetration,  and  the  re¬ 
sults  are  based  on  the  period  of  time  that  the  unit 
will  resist  the  penetration  of  a  standard  test  flame. 
Doors  containing  fire  retardant  wood  have  been 
tested  and  rated  by  Underwriters’  Laboratories,  Inc. 
and  hence  are  commercially  available  bearing  the 
Underwriters’  label. 

Miscellaneous  building  materials  of  varying  thick¬ 
nesses  and  compositions  are  tested  differently.  One 
of  the  more  important  procedures  is  the  Standard 
Test  Method  for  Fire  Hazard  Classification  of  Build¬ 
ing  Materials  {12  23)  developed  by  Underwriters’ 
Laboratories,  Inc.  This  test  requires  a  specimen  20 
inches  wide  by  25  feet  long  and  measures  the  flame 
spread  along  the  surface  of  the  material,  the  fuel 
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Table  2. — Fire  Retardant  Formulations 


Fire  Retardant 

Ammonium  Sulphate-Phosphate. 


Borax-Boric  Acid. 


Navy 
Department 


Specifications 


American  Wood 
Preservers’  Ass’n 


51C38 
Type  I 


Formulation 

Percent 


Ammonium  sulphate,  (NH  0  sSO 4 _  78.0 

Ammonium  phosphate,  (NH  4)H  :PO  4 
or 

Diammonium  phosphate,  (NH4)iHP04 _  19.0 

Sodium  dichromate,  Na iCr  2O  7.2H  jO _  3.0 


51C38 
Type  HI 


Sodium  tetraborate,  Na  JB4O7 _  60.0 

Boric  acid,  H  jBO  t _  40.0 


Chromated  Zinc  Chloride  Preservative  (Fire 

Retardant  Absorption) — CZC _  51C38 

Type  IV 


Number  to  be 
assigned 


Zinc  chloride,  ZnCl  7 _ min.  77.5 

Sodium  dichromate,  Na rCr  K) 7.2H 2O _ min.  17.5 


Chromated  Zinc  Chloride  (Fire  Retardant) — 
CZC(FR) . . . 


Number  to  be  Chromated  Zinc  Chloride* _  80.0 

assigned  Ammonium  sulphate,  (NH  4)  7SO  4 _  10.0 

Boric  acid,  H  aBO  1 _  10.0 


Minalith. 


51C38 
Type  II 


Number  to  be  Ammonium  sulphate,  (NH4)  aSO  4 _  60.0 

assigned  Diammonium  phosphate,  (NH 4)  tHPO  4 _  10.0 

Sodium  tetraborate,  Na aB 4O 7 _  10.0 

Boric  acid,  H  aBO  a _  20.0 


Protexol  Class  A. 


Not  disclosed 


Protexol  Class  B. 


Not  disclosed 


Protexol  Class  C. 


Not  disclosed 


Protexol  Class  D — Pyresote. 


Zinc  Chloride. 


51C38 
Type  IV 


Number  to  be  Zinc  chloride,  ZnCl  a _  35.0 

assigned  Ammonium  sulphate,  (NH 4)  aSO 4 _  35.0 

Boric  acid,  H  aBO  a _ _ _  25.0 

Sodium  dichromate,  Na  aCr  aO  7. 2H  aO _  5.0 

-  Zinc  chloride,  ZnCl  a _ 100.0 


Note:  Undisclosed  formulations  accepted  by  Navy  Department  if  treated  wood  passes  fire  test  requirements  as  set  forth  in  Navy  Department 
Specification  51C40. 


‘Same  as  Chromated  Zinc  Chloride  Preservative  formula  given  above. 


contributed,  and  the  noxious  fumes  liberated,  if  any. 
A  numerical  rating  is  assigned  to  each  material 
tested  based  on  0  for  asbestos  cement  board  (incom¬ 
bustible)  and  100  for  untreated  red  oak  (com¬ 
bustible)  . 


Results  are  available  for  various  species  of  lumber 
and  plywood  treated  with  commerical  fire  retardants. 
Table  3  lists  the  various  retardants  and  results  as 
currently  being  reported  to  the  American  Wood 
Preservers’  Association. 


Table  3. — Results  of  Fire  Hazard  Classification  Tests 


Fire  Retardant 

Chromated  Zinc  Chloride  (Fire  Retardant 
Abaorption) — CZC 

1  Lb.  Per  Cu.  Ft . 

2  Lb.  Per  Cu.  Ft. _ 

3  Lb.  Per  Cu.  Ft - 

4  Lb.  Per  Cu.  Ft _ 

1  Lb.  Per  Cu.  Ft _ 

2  Lb.  Per  Cu.  Ft . 

3  Lb.  Per  Cu.  Ft - 

4  Lb.  Per  Cu.  Ft - 

Minalith 

Type  M  (Moderate) _ 

Type  H  (High) . . . 

Type  M  (Moderate) . . . . 

Type  H  (High) . , - 

Type  M  (Moderate) _ 

TypeH  (High) . 

Protexol 

Class  A _ 

Class  A _ 


Class  D — Pyresote... 
Class  D — Pyresote. 
Class  D — Pyrostoe. 
Class  D — Pyrosote. 
Class  D — Pyresote. 
Class  D — I^esote. 


Results  for  Material  Treated  Throughout  Its  Cross- 
Section  Except  as  Indicated  in  Footnote 

Species  and  Type  of  Wood  Flame  Spread  Fuel  Contributed  Smoke  Developed 


.Southern  pine  lumber _  70 

Southern  pine  lumber.. .  45 

.Southern  pine  lumber _  35 

.Southern  pine  lumber _  30 

.Douglas  fir  lumber... . .  55 

.  Douglas  fir  lumber _  40 

.  Douglas  fir  lumber _  35 

.Douglas  fir  lumber _  30 


Southern  pine  lumber _  40 

Southern  pine  lumber _  30 

.Douglas  fir  lumber* _  40 

.Douglas  fir  lumber* _  30 

. Douglas  fir  plywood _  50.60 

.Douglas  fir  plywood _  40-45 


Red  oak  and  Douglas  fir  lumber, 

and  Douglas  fir  plywood _  25-35 

.Maple,  birch,  yellow  pine,  and 
ponderosa  pine  lumber _  40-50 

.Yellow  pine  lumber _  25 

-Northern  pine  lumber _  20 

.Cottonwood  lumber _  25 

.Red  oak  lumber _  35-50 

.Douglas  fir  lumber _ , _  20-30 

.Douglas  fir  plywood _ '. .  25-30 


60 

Less  than  untreated 

40 

Less  than  untreated 

30 

Less  than  untreated 

25 

Less  than  untreated 

40 

Less  than  untreated 

30 

Less  than  untreated 

30 

Less  than  untreated 

25 

Less  than  untreated 

30 

Less  than  untreated 

25 

Less  than  untreated 

15 

Less  than  untreated 

5 

Less  than  untreated 

30-35 

Less  than  untreated 

20-25 

Less  than  untreated 

15-20 

Less  than  untreated 

20-25 

Less  than  untreated 

10 

25-30 

5-10 

20-75 

0-15 

20-40 

20-25 

25-45 

10-15 

30-60 

10 

Negligible 

*  Results  based  on  lumber  treated  to  a  minimum  penetration  of  Yt  inch. 
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Fig.  1. — Twenty  increment  borings  are  taken  from  each 
charge.  Eighteen  of  the  twenty  borings  must  pass  the 
minimum  penetration  requirements. 


Building  Codes 

Building  officials  and  code  committees  have  made 
rapid  strides  in  the  past  five  years  with  respect  to 
adopting  flame  spread  limitations  for  building  mate¬ 
rials  to  be  used  in  various  parts  of  buildings.  The 
Underwriters’  classification  test  has  proved  to  be  a 
good  yardstick  since  it  lends  itself  to  the  purpose  of 
arriving  at  several  degrees  of  flame  spread  resist¬ 
ance.  Thus,  modern  codes  may  provide  for  four 
and  sometimes  five  degrees  of  fire  resistance,  the 
articular  degree  required  depending  on  the  type  of 
uilding  and  the  location  of  the  material  inside  the 
building. 

The  Basic  Building  Code,  as  written  by  the  Build¬ 
ing  Officials  Conference  of  America,  Inc.,  provides 
for  four  classes  of  fire  resistance  for  building  mate¬ 
rials  as  follows;  (1)  incombustible,  (2)  fire  retard¬ 
ant,  (3)  slow  burning,  and  (4)  combustible.  In 
highly  important  places  incombustible  materials  are 
required,  and  where  the  fire  hazard  is  deemed  as 
less  important,  fire  retardant,  slow  burning,  or  even 
combustible  materials  are  permitted. 

The  City  of  Cleveland  Code  has  adopted  five 
classes  of  fire  resistance  which  have  also  been  tenta¬ 
tively  adopted  by  the  Pacific  Coast  Building  Officials 
Conference  in  their  Uniform  Building  Code. 

The  Municipal  Code  of  Chicago  has  four  de¬ 
grees  of  fire  resistance  known  as  Classes  I,  II,  III, 
and  IV. 

Table  4  gives  the  flame  spread  ratings  required  by 
each  of  the  four  codes  cited  for  the  various  classes 
of  fire  resistance  that  have  been  adopted. 

A  test  method  which  is  sometimes  accepted  as  an 
alternate  to  the  Fire  Hazard  Classification  Test  is  the 
Prefabricated  Acoustical-Unit  Test  (6)  described  in 
Federal  Specification  SS-A-118a.  The  test  specimen 
resembles  the  top  of  a  card  table  with  the  test  flame 
being  applied  from  underneath.  The  results,  which 
are  based  on  the  extent  of  flaming  and  glowing, 
indicate  that  the  material  is  either  incombustible, 
fire  retardant,  slow  burning,  or  combustible.  While 
this  test  method  is  on  a  much  smaller  scale  and  does 
not  lend  itself  to  the  numerical  rating  system,  the 


test  apparatus  is  more  available  than  the  larger 
apparatus  developed  by  Underwriters’  Laboratories, 
Inc. 

Table  4. — Fire  Hazard  Classification  Ratings 
Required  by  Building  Codes 

Where  Building  Flame  Spread 


Material  Is 

Rating 

fiuilding  Code 

Required  To  Be — 

Must  Be — ■ 

BOCA  Basic  Building  Code.... 

Incombustible 

0-  25 

Fire  Retardant 

26-  50 

Slow  Burning 

51-  75 

Combustible 

76-100 

City  of  Cleveland  Code 

Incombustible 

0-  15 

and 

Fire  Retardant 

16-  30 

PCBOC  Uniform  Building  Code 

Slow  Burning 

31-  75 

Combustible 

75-200 

Highly  Combustible  Over  200 

Municipal  Code  of  Chicago _ 

Class  I 

0-  15 

Class  II 

16-  30 

Class  III 

31-  60 

Class  IV 

61-160 

Uses  for  Fire  Retardant  Treated  Wood 

The  major  use  for  fire  retardant  lumber  is,  of 
course,  for  building  construction  which  includes 
trusses,  sheathing,  decking,  stairways,  subflooring, 
finish  flooring,  paneling,  furring,  insulation  and 
duct  work,  trim,  doors,  lining,  sash,  etc.  Examples 
of  types  of  buildings  are  office  buildings,  hotels, 
factories,  hangars,  hospitals,  ordnance  plants,  supply 
depots,  round  houses,  garages,  oil  refineries,  ter¬ 
minal  wharf  sheds,  warehouses,  barns,  and  private 
homes  {14  16  17  21).  In  shipbuilding  and  main- 


Fig.  2. — Fire  retardant  mahogany  plywood  paneling 
complies  with  local  building  code  requirements. 
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tenance,  fireproofed  wood  is  used  for  damage  con¬ 
trol  shoring,  bulkheads,  interior  floors,  paneling, 
partitions,  interior  walkways,  decking,  grating,  and 
hatch  covers  (18).  Miscellaneous  uses  include  scaf¬ 
folding,  poles,  bracing,  guard  rails,  circus  seats, 
etc.  {17). 

Fire  retardant  plywood  for  non-military  purposes 
is  used  mostly  for  interior  paneling  in  office  build¬ 
ings,  hotels,  cocktail  lounges,  etc.  The  armed  forces 
have  used  a  considerable  amount  of  fireproofed  ply¬ 
wood  for  undisclosed  overseas  construction.  All  ply¬ 
wood,  including  fire  retardant  plywood,  for  military 
purposes  is  procured  in  accordance  with  Military 
Specification  MIL-P-66A,  Plywood;  Flat  Panel  (9). 
Fire  retardant  plywood  is  required  to  pass  a  modi¬ 
fied  Prefabricated  Acoustical-Unit  Test  as  described 
in  the  Military  Specification. 

Fire  retardant  lumber  and  plywood  is  best  suited 
for  use  in  sheltered  locations  where  little,  if  any, 
leaching  action  can  take  place.  When  it  is  used  in 
exposed  places,  as  for  catwalks,  stairways,  etc.,  or 
for  exterior  wall  or  door  paneling,  it  should  be  pro¬ 
tected  with  a  moisture  resistant  paint.  Also  protec¬ 
tion  against  leaching  action  may  be  realized  through 
the  use  of  sealers,  the  application  of  which  may  be 
performed  at  the  treating  plant  (i.5). 

Decay  and  Insect  Resistance 

The  amount  of  chemical  required  to  fireproof  a 
cubic  foot  of  wood  varies  from  about  2  to  12  times 
the  amount  required  for  preserving  the  same  amount 


Fig.  3. — Blimp  hangar  with  fifty-three  catenary  arches  of 
lire  retardant  lumber.  (U.  S.  Navy  photo) 


Fig.  4. — Warehouse  with  treated  plywood  sheathing  under 
composition  roof  to  reduce  fire  hazard. 

of  wood  against  decay  and  insects,  depending  on  the 
degree  of  fire  resistance  desired.  Because  the  chem¬ 
icals  used  in  fireproofing  are  also  toxic  to  fungi  and 
insects,  the  user  realizes  the  advantages  of  preserva¬ 
tion  as  well  as  fireproofing,  and  the  degree  of  pres¬ 
ervation  almost  always  exceeds  the  protection  offered 
by  standard  salt  type  preservative  treatment.  Of 
course  this  high  degree  of,  preservation  becomes 
superfluous  where  the  wood  is  used  in  places  where 
a  decay  hazard  does  not  exist.  On  the  other  hand, 
it  is  highly  desirable  where  decay  hazards  do  exist 
as  in  certain  factory  roofs,  round  houses,  and  in 
exposed  or  semi-exposed  structures. 

Zinc  Chloride  and  Chromated  Zinc  Chloride  are 
standard  preservatives  in  all  technical  associations 
concerned  with  wood  preservation  as  well  as  to  the 
Federal  Government.  Thus,  their  value  as  preserva¬ 
tives  is  accepted  without  qualification.  ' 

The  chemicals  borax  and  boric  acid  are  not  in¬ 
gredients  in  standard  preservatives  but  laboratory 
tests  have  shown  them  to  be  comparable  to  zinc 
chloride  with  respect  to  toxicity  as  such.  Also  a  cer¬ 
tain  amount  of  stake  garden  test  work  has  confirmed 
the  laboratory  findings.  Although  actual  service  rec¬ 
ords  are  not  available,  the  toxicity  of  borax  and 
boric  acid  has  led  to  their  acceptance  as  both  fire  re¬ 
tarding  and  decay  resistant.  Some  published  results 
of  petri-dish  toxicity  tests  are  as  follows: 

Concentration  of  Chemical  in 
Agar  Necessary  to  Kill  the 


Chemical  Fungus  Madison  No.  .517  Reference 

Borax _  0.13  13 

Boric  Acid . . 0.2.5  13 

Sodium  Dichromate _  0.03  13 

Zinc  Chloride . .  0.35  19 


The  variation  in  killing  concentration  figures  will 
not  necessarily  reflect  performance  in  actual  service 
because  of  other  factors  that  enter  the  picture.  The 
figures  simply  indicate  that  the  chemicals  possess 
toxicity. 

The  value  of  ammonium  sulphate  and  ammonium 
phosphate  for  decay  resistance  has  been  questioned 
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in  the  past,  but  some  relatively  recent  laboratory 
tests  (20)  have  shown  that  2  lb.,  4  lb.,  and  6  lb. 
retentions  per  cubic  foot  of  wood  of  these  chem¬ 
icals  possess  high  initial  resistance  to  decay.  Fur¬ 
thermore,  after  a  period  of  exposure  a  fair  degree 
of  resistance  still  remained. 

Fire  Insurance 

The  primary  purpose  of  fireproofing  is,  of  course, 
to  increase  the  fire  resistance  of  the  wood  and 
thereby  permit  its  use  where  untreated  wood  is  con¬ 
sidered  hazardous  to  life  or  property  or  both.  The 
next  question  is  whether  or  not  the  insurance  under¬ 
writers  will  allow  reduced  rates  where  fire  retardant 
lumber  is  used. 

There  are  a  few  cases  on  record  where  the  insur¬ 
ance  people  have  recognized  fire  retardant  lumber 
but,  by  and  large,  there  has  not  been  general  accept¬ 
ance  in  this  respect.  The  reason  is  that  the  insur¬ 
ance  underwriters  are  waiting  for  more  experience, 
and  rightfully  so.  There  is  no  substitute  for  service 
records.  Furthermore,  claims  for  the  worth  of  a 
product  cannot  be  based  on  a  few  scattered  experi- 


Fig.  5. — More  than  100,000  board  feet  of  fireproofed 
southern  pine  joists,  rafters,  braces,  and  furring  strips  were 
used  in  this  hospital  as  a  safety  measure. 


ences;  acceptance  must  be  based  on  a  reasonably 
large  number  of  authenticated  records.  Unfortu¬ 
nately,  one  must  be  content  to  wait  for  experience 
in  the  case  of  fireproofed  lumber.  The  mere  passage 
of  time  is  all  that  is  required  to  prove  or  disprove 
the  worth  of  a  wood  preservative  against  decay. 
Fires  are  not  as  prolific  as  decay  fungi  and  insects 
which  accounts  for  the  difference.  Still,  the  service 
data  accumulated  by  all  the  producers  of  fireproofed 
wood  taken  as  a  group  is  quite  impressive.  It  is 
entirely  possible  that  before  very  long  the  insurance 
people  will  review  the  entire  field  of  fireproofing 
with  the  thought  of  reduced  insurance  rates.  The 
following  records  are  presented  as  the  beginning  of 
a  comprehensive  compilation  of  case  histories. 

Service  Records 

Case  No.  1  (Reference  17) — A  serious  explosion 
and  powder  fire  at  one  of  our  larger  ordnance 
plants,  causing  what  appeared  to  be  the  destruction 


of  a  fire  retardant-timber  building,  actually  resulted 
in  the  loss  of  the  building  for  only  a  short  period. 
Construction  was  such  that  the  walls  blew  outward 
from  the  top.  Their  footings  were  firmly  anchored, 
allowing  great  flexibility.  The  roof  was  constructed 
in  similar  sectional  fashion.  The  fire  had  the  effect 
only  of  charring  the  exterior  surface  of  the  inside. 
After  the  fire  the  walls  were  lifted  back  into  place 
and  refastened  under  the  eaves.  The  roof  sections 
were  re-installed.  The  minor  char  was  disregarded 
and  the  building  was  ready  for  occupancy. 

Case  No.  2  (Reference  17) — A  very  serious  oil 
fire  ignited  the  contents  of  several  floors  of  a  fire¬ 
proof  building.  The  intense  heat  caused  the  buck¬ 
ling  and  warping  of  more  than  25  metal-clad  doors 
which  had  to  be  replaced.  The  flames  passed  at 
least  two  of  these  doors.  The  fire  was  stopped  by  a 
panel  door  made  of  fire  resistant  wood.  The  door 
was  found  to  be  still  sound  and  was  refinished  and 
re-installed.  During  the  progress  of  the  fire,  inci¬ 
dentally,  the  fire  department  was  unable  to  get  to 
any  point  where  they  could  fight  the  fire  and  actually 
the  fire  burned  itself  out  after  consuming  all  the 
combustible  contents  in  the  area. 

Case  No.  3  (References  7  and  14) — An  intense 
lacquer  fire  broke  out  in  a  section  where  products 
were  sprayed  with  paint.  The  building  had  no  auto¬ 
matic  sprinklers.  When  the  plant  firemen  arrived 
they  first  directed  their  hoses  to  the  wood  roof. 
Quickly  discovering  that  the  fire  was  not  spreading 
there,  they  turned  the  water  to  the  floor,  where  the 
lacquer  was  burning  furiously.  The  fire  was  con¬ 
fined  to  an  area  about  20  by  50  feet,  although  wir¬ 
ing  and  lighting  fixtures  were  melted  in  a  ceiling 
area  20  feet  by  100  feet.  Untreated  wood  benches 
at  floor  level  were  consumed.  Fire  retardant  wood 
in  the  ceiling  was  charred  to  a  depth  of  about  ^ 
inch  by  the  intense  heat.  Although  metal  fixtures 
and  wiring  had  to  be  replaced,  structural  strength 
was  retained,  and  no  repairs  to  the  wood  were 
needed  or  made. 

Case  No.  4  (References  7  and  14) — An  explosion 
in  a  magnesium  foundry  blew  130  pounds  of  mag¬ 
nesium  from  a  crucible  to  a  height  of  12  feet.  Some 
of  it  caught  on  the  top  surfaces  of  a  fume  hood, 
made  of  transite  on  a  fire  retardant  wood  frame¬ 
work.  Although  exposed  for  ten  minutes  to  mag¬ 
nesium  burning  at  approximately  4000°  F.,  there 
was  no  evidence  of  any  fire  spreading  or  of  char¬ 
ring  beyond  the  area  in  direct  contact  with  the 
molten  metal.  No  replacement  of  treated  wood  due 
to  fire  damage  was  required.  It  is  the  opinion  of  the 
foreman  of  the  department  that  the  extent  of  dam¬ 
age  would  have  been  much  greater  if  fire  retardant 
•  wood  had  not  been  used.  It  is  also  believed  that  the 
intense  heat  would  have  ignited  the  roof  had  it  not 
been  constructed  of  fire  retardant  lumber. 

Case  No.  3  (Reference  8) — Fifty  thousand  feet 
of  fire  retardant  lumber  were  exposed  to  a  3-hour 
fire  in  a  lumber  yard.  A  120  by  SOToot  building. 
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-Service  record  for  fire  retardant  wood.  A  three-hour  fire  virtually  destroyed  a 
lumber  yard  but  only  charred  the  edges  of  treated  wood  in  storage. 


Case  No.  7  (Reference  4) — A  blimp  containing 
450  gal.  of  gasoline  burned  during  re-rueling  oper¬ 
ations  in  a  Navy  hangar,  which  itself  was  undam¬ 
aged.  After  the  gasoline  ignited,  flames  spread 
rapidly  over  the  finish  of  the  blimp  car  and  the 
canvass-rubberized  blimp  bag.  An  area  approxi¬ 
mately  100  feet  wide  of  fire  retardant  treated  wood 
on  the  underside  of  the  roof  was  exposed  to  flames 
rising  over  150  feet.  It  is  reported  that  the  fire 
lasted  nearly  two  hours.  While  the  concrete  floor 
spalled  in  the  fire  area  and  a  meta)  conduit  was  de¬ 
stroyed,  the  treated  wood  did  not  support  combus¬ 
tion  or  spread  flame,  and  no  structural  damage  oc¬ 
curred  to  the  hangar.  It  is  believed  that  untreated 
lumber  would  have  ignited  and  that  it  would  have 
been  impossible  to  control  a  fire  of  this  intensity. 

Note: — Although  they  cannot  be  considered  as 
authenticated  records,  it  has  been  reported  verbally 
that  there  were  a  number  of  fires  on  Naval  vessels 
containing  fire  retardant  wood.  It  was  further  re¬ 
ported  that  the  treated  wood  effectively  retarded  the 
spread  of  flame.  Accurate  records  were  impossible 
because  of  continual  personnel  changes  between 
ships  and  the  lack  of  written  reports  immediately 
after  the  fires. 


three  trucks,  millwork,  yard  lumber,  and  a  coal  shed 
were  destroyed  before  three  companies  of  firemen 
put  out  the  blaze.  But  with  untreated  lumber  blaz¬ 
ing  on  and  around  it  (hot  enough  to  break  a  fire- 
engine  windshield  fifty  feet  away)  and  five  thou¬ 
sand  pounds  of  lignin  burning  beside  it,  the  fire 
retardant  wood  just  charred.  The  center  pieces  in 
the  piles  were  not  affected. 

Case  No.  6  (Reference  4) — During  a  hurricane 
which  struck  one  of  the  Navy’s  blimp  patrol  bases, 
three  fire  retardant  wood  hangars  collapsed.  Design 
and  construction  were  well  executed,  and  the  struc¬ 
tural  failures  were  considered  to  be  in  the  "act  of 
God”  classification  because  the  hurricane  wind 
forces  were  far  in  excess  of  those  anticipated.  The 
collapse  was  followed  by  very  destructive  fires.  The 
fire  retardant  wood  gave  a  good  account  of  itself. 
Photographic  evidence  showed  that  combustion  of 
treated  members  and  aircraft  was  complete  where 
large  quantities  of  flammable  liquids  were  present 
at  the  floor  of  the  hangars.  However,  it  was  seen 
that  large  quantities  of  wrecked  and  splintered 
treated  wood  members,  immediately  outside  the  zone 
of  burning  flammable  liquids,  either  resisted  igni¬ 
tion  or  were  only  partially  burned.  Preliminary  re¬ 
ports  indicated  that  there  were  no  burning  brands 
from  the  fire.  It  was  reported,  and  supported  by 
photographic  evidence,  that  the  fire  did  not  occur 
in  large  masses  of  debris  of  the  hangar  walls  which 
fell  to  leeward  and  away  from  the  hangar  floors. 


Permanence  of  Effectiveness 

A  second  consideration  with  regard  to  service  is 
whether  or  not  the  fire  retardant  retains  its  effec¬ 
tiveness  over  a  long  period  of  time.  Fortunately,  it 
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is  possible  to  measure  effectiveness  by  extracting 
material  that  has  been  in  service  for  several  years 
and  subjecting  it  to  a  fire  test.  The  Forest  Products 
Laboratory  found  that  wood  which  had  been  in  serv¬ 
ice  indoors  for  more  than  40  years  still  possessed 
excellent  fire  retardant  properties  (17). 
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Discussion 

Ted  C.  Weill  (Michigan  State  College):  Does 
treatment  with  zinc  chloride  render  wood  fire- 
resistant? 

Mr.  Angell:  Zinc  chloride  is  considered  a  good 
fire  retardant.  For  chromated  zinc  chloride  the 
ratings  given  in  the  paper  verify  this  as  do  service 
records. 

George  A.  Garratt  (Yale  School  of  Forestry) : 
Could  you  give  us  some  idea  of  the  present  cost  of 
fire-retardant  treatments?  In  the  late  20’s  this 
amounted  to  as  much  as  $95  to  $100  per  thousand 
board  feet,  exclusive  of  the  cost  of  the  lumber,  and 
in  1937  it  was  about  $80  per  thousand  feet. 

Mr.  Angell:  Prices  vary  from  $40  to  $50  per 
thousand  board  feet,  depending  on  treatment. 


Ralph  H.  Mann  (American  Wood-Preservers’ 
Association) :  There  are  two  basic  categories  which 
govern  the  cost  of  fire-retardant  treated  lumber.  The 
first  category  is  lumber  treated  for  high  fire  retard- 
ance  such  as  fire  doors,  interior  trim,  etc.  Such  treat¬ 
ments  require  complete  penetration  of  the  chemi¬ 
cals  through  the  entire  cross-section  of  the  lumber. 
Net  retentions  of  dry  salt  per  cubic  foot  are  high 
in  this  instance.  Cost  of  such  material,  which  will 
pass  the  New  York  City  Building  Code  require¬ 
ments,  range  from  $120  to  $175  per  thousand  feet, 
board  measure,  depending  upon  the  species  of  wood 
treated.  Such  costs,  of  course,  include  the  kiln  dry¬ 
ing  of  wood  after  treatment  to  a  10  percent 
moisture  content. 

The  second  category  of  fire-retardant  treated 
wood  is  that  of  structural  lumber  where  the  criteria 
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are  (1)  prevention  of  initial  ignition  by  lire;  and 
(2)  the  decrease  of  flame  spread  over  the  surface 
of  the  timber  member.  Such  treatments  are  not,  of 
course,  complete  penetration  treatments.  They  do 
provide,  however,  from  inch  to  ^2  pene¬ 
tration  on  all  sawn  surfaces.  Tests  of  material 
treated  in  this  second,  or  flame  spread  category  are 
in  accordance  with  the  Tunnel  Test  of  the  Under¬ 
writers’  Laboratories,  Chicago,  Illinois,  which  meas¬ 
ures  flame  spread.  Fire-retardant  treated  lumber  of 
this  category  rates  flame  spread  classifications  of 
between  25  and  35  as  compared  with  untreated  red 
oak  as  100.  The  cost  of  such  treatment  varies  from 
$40  to  $60  per  thousand  feet  board  measure  which 
is  based  upon  both  species  and  net  retention  in 
pounds  per  cubic  foot.  No  consideration  of  kiln 
drying  is  taken  in  this  price  estimate. 

Subsequent  to  the  disastrous  circus  tent  fire  in 
Hartford,  Conn,  some  years  ago,  the  fire  insurance 
companies  of  the  nation  applied  to  the  American 
Standards  Association  for  the  appointment,  of  a 
committee  to  prepare  an  A.S.A.  Standard  for  Places 
of  Outdoor  Assembly,  Grandstands  and  Tents.  The 
number  of  this  standard  is  A.S.A.  Z-20.3,  dated 
1949.  As  to  their  recognition  in  that  standard  of 
fire-retardant  treated  wood,  I  quote: 

"If  the  grandstand  units  are  made  of  flame  re¬ 
sistive  wood  treated  in  accordance  with  standard 
practice,  the  permitted  areas  and  lengths  may 
be  doubled.” 

This  reference  is  with  regard  to  a  statement  regard¬ 
ing  wood  grandstands,  meaning  untreated  wood 
grandstands.  This  statement  quotes: 

"No  wood  grandstand  unit  shall  exceed  10,000 
square  feet  in  ground  area  or  200  feet  in 
length.” 

It  is  therefore  evident  that  the  Underwriters 
themselves  have  at  last  recognized  fire-retardant 
treated  wood. 

Richard  N.  Hammond  (Weyerhaeuser  Timber 
Co.):  Is  ammonium  sulfamate  used  in  wood 
preservation  ? 

Ralph  H.  Bescher  (Koppers  Co.,  Inc.) :  Sulfa¬ 
mate  slowly  converts  to  ammonium  sulfate  in 
wood,  therefore  there  is  no  advantage  in  purchas¬ 
ing  the  higher  priced  chemical. 

]ohn  H.  Sweeney  (Aetna  Plywood  &  Veneer 
Co.) :  If  fire-retardant  treated  plywood  is  used  as 
wall  paneling  and  is  painted  or  varnished,  what 
effect  does  this  have  on  the  flame  spread  classifi¬ 
cation  ? 

Mr.  Bescher:  Some  tests,  made  by  adding  finishes, 
indicate  that  the  fire-retardant  effect  still  is  good — 
fire-retardant  effect  is  due  to  the  gasses  which  are 
produced  from  hot  wood. 

Mr.  Angell:  The  Underwriters  ratings,  of  course, 
apply  to  the  product  as  is,  without  any  surface  coat¬ 
ing.  Whether  surface  coatings  are  permitted  de¬ 
pends  on  the  local  code  provisions.  Committee  A51 
of  the  American  Standards  Association  has  a  pro¬ 


posal  in  tentative  form  which  states  that  coatings 
may  be  applied  to  fireproofed  materials  provided 
such  coatings  do  not  exceed  1/25  inch.  This  means 
that  a  1/28  inch  untreated  veneer  could  be  glued 
to  fireproofed  plywood. 

Frank  J.  Kotroba  (Michigan  State  College) : 
What  effect  has  the  fire-retardant  treatment  on 
dimensional  stability? 

Mr.  Angell:  Concentrations  so  high  (20  percent) 
get  a  beneficial  chemical  seasoning  effect. 

C.  F.  Paul  (Fox  Bros.  Manufacturing  Co.) :  Full¬ 
cell  chemical  impregnation  of  wood  with  fire- 
retardant  chemicals  or  a  combination  of  preservat- 
tive  and  fire-retardant  chemicals  reduces  the  porosity 
of  the  wood  to  an  extent  that  greatly  reduces  the 
moisture  absorption,  and  as  a  result,  an  increased 
degree  of  dimensional  stability  is  obtained  over 
untreated  wood.  We  have  run  many  tests  on  the 
volumetric  moisture  absorption,  and  the  resultant 
dimensional  increase  of  both  untreated  and  pressure- 
treated  woods,  and  there  is  a  pronounced  reduction 
in  the  absorption  and  the  fiber  distortion  in  the 
treated  samples  over  the  untreated. 

Fred  J.  Meyer  (Dow  Chemical  Company) :  Does 
the  use  of  water  as  a  carrier  of  fire-retardant,  and 
subsequent  drying,  cause  serious  problems  in  regard 
to  degrading  of  lumber? 

Mr.  Angell:  No.  After  the  wood  has  been  treated 
it  is  dried  with  care  so  as  to  prevent  warping, 
checking,  etc. 

Mr.  Paul:  Wood,  having  a  natural  affinity  for 
water,  readily  absorbs  fire-retardant  and  preserva¬ 
tive  chemicals  soluble  in  water,  and  under  proper 
processing  methods  and  conditioning  of  lumber  in 
advance  of  the  chemical  impregnation,  does  not  in 
any  way  disturb  the  wood  fibers,  and  in  my  opinion, 
does  not  reduce  the  stress  value  except  to  reduce  its 
compressibility  due  to  the  reduced  porosity  of  the 
wood.  The  most  important  processing  after  chem¬ 
ical  impregnation  is  in  the  evaporation  of  the  water 
through  proper  methods  of  kiln  drying.  Chemically 
impregnated  lumber  cannot  be  successfully  kiln 
dried  or  cured  on  untreated  lumber  schedules. 
Proper  procedures  and  kiln  drying  to  moisture  con¬ 
tents  of  5  percent  to  7  percent  will  obtain  excellent 
stabilization  of  both  wood  fiber  and  chemicals. 

C.  R.  Silver  sides  (Abinbi  Power  &  Paper  Co., 
Ltd.) :  Do  any  producers  of  fiber  wallboard  or 
hardboard  add  fire-retardant  chemicals  in  the  form¬ 
ing  process  to  fireproof  their  finished  wallboard? 

Mr.  Angell:  Several  firms  have  done  a  lot  of 
testing  along  those  lines.  I  believe  some  of  them 
do  incorporate  fire-retarding  chemicals  in  wallboard. 

Mr.  Paul:  Celotex  and  other  fiberboard  manufac¬ 
turers,  especially  on  fiberboard  Acousti-Tile,  offer, 
at  an  additional  cost,  a  surface  coating  of  primer 
paint  which  they  claim  has  fire-retardant  properties. 
Chemical  impregnation  of  fiberboard  is  not  prac¬ 
tical  due  to  the  heavy  absorption  of  chemical  with 
the  resultant  reduction  in  insulation  or  sound- 
absorbant  values. 
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Emergency  conditions  may  necessitate  the  use  of  second-  and  third-choice  preservatives  but  an  understanding  of  all 
factors  involved  can  operate  to  avoid  costly  mistakes  and  provide  the  best  alternate  treatment. 


Introduction 

ATIONAL  mobilization  for  defense  brings  about 
shortages  of  materials,  reduces  our  freedom  to 
purchase  and  use  what  we  please,  and  generally 
upsets  our  normal  practices.  Limited  quantities,  re¬ 
duction  in  quality,  hoarding,  gray  markets,  black 
markets,  rationing,  and  numerous  other  irritations 
and  obstacles  beset  the  path  of  the  man  who  wants 
to  do  the  best  possible  job  at  the  most  reasonable 
cost.  In  wood  preservation  as  well  as  in  many  other 
operations,  shortages  of  preferred  materials  may 
force  widespread  use  of  second-  or  third-choice  ma¬ 
terials.  The  problem  then  is  to  make  the  best  pos¬ 
sible  compromise  and  do  the  best  job  the  conditions 
will  permit. 

I  will  not  undertake  to  predict  whether  our  sup¬ 
plies  of  standard  specification  oil  or  salt  preserva¬ 
tives  will  be  adequate,  but  we  all  know  that  during 
World  War  I  and  World  War  II  we  could  not  have 
all  the  preservatives  we  wanted  of  the  kinds  we 
wanted.  Experience  indicates  that  we  will  face  the 
same  situation  again  as  soon  as  allocations  and 
rationing  become  the  order  of  the  day.  What  can  be 
done  about  it  with  a  minimum  sacrifice  of  the  qual¬ 
ity  of  the  treated  wood? 

Choice  No  Longer  Limited 

Fortunately,  each  succeeding  "emergency”  finds 
us  with  a  greater  variety  of  preservatives  that  can 
be  used  with  confidence  and  a  greater  volume  of 
laboratory  and  field  tests  and  service  records  to  draw 
upon.  Furthermore,  in  a  time  of  preservative  short¬ 
age  we  can  and  often  must  take  longer  chances  with 
a  relatively  new  preservative  than  we  might  care  to 
take  when  we  have  free  choice.  We  can  be  less  in¬ 
sistent,  for  example,  that  a  preservative  have  25 
yeafs  of  favorable  service  records  before  it  may  be 
used.  Nevertheless,  we  cannot  afford  to  throw  cau¬ 
tion  to  the  winds  and  accept  anything  new  that 
some  promoter  recommends.  Serious  and  costly  mis¬ 
takes  have  been  made  in  that  way. 

Preservative  Not  Sole  Factor 

The  preservative,  of  course,  is  not  the  only  factor 
to  be  considered.  Methods  of  application,  reten- 
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tions,  and  penetrations  are  also  of  importance,  and 
specification  requirements  may  have  to  be  altered 
from  time  to  time  if  circumstances  make  it  impos¬ 
sible  to  carry  out  the  original  requirements.  Easing 
of  specification  requirements  must  not  be  left  to  the 
whims  of  inspectors,  contractors,  or  uninformed 
purchasing  officers.  Every  such  reduction  is  likely  to 
'  sacrifice  quality,  and  that  should  be  done  only  by 
competent  authority  in  position  to  weigh  the  risks 
and  compare  the  alternatives  that  may  be  possible. 

A  mistake  in  judgment  can  have  serious  conse¬ 
quences  that  may  not  show  up  until  some  years  later. 
Instances  are  on  record  in  which  the  reputation  of 
treated  wood  in  general  has  suffered  severely  be¬ 
cause  poorly  treated  material  was  accepted  under 
war-time  conditions  and  used  in  important  struc¬ 
tures  under  the  assumption  that  it  was  properly 
treated.  Its  inevitable  early  failure  caused  an  unwar¬ 
ranted  loss  of  confidence  in  the  value  of  well-treated 
wood.  In  other  instances,  early  failure  and  great 
loss  resulted  from  using  an  unorthodox  method  of 
protecting  marine  piling  merely  on  the  basis  of  the 
promoter’s  claims,  when  standard  specification  treat¬ 
ment  was  still  available. 

The  extent  to  which  specification  requirements 
may  be  relaxed  and  chances  taken  should  be  gov¬ 
erned  in  large  measure  by  the  importance  of  the 
product  or  structure  and  the  cost  of  maintaining  or 
replacing  it  in  case  of  early  failure.  Fence  posts, 
small  poles,  and  moderate-sized  temporary  structures 
of  all  kinds  are  relatively  low  in  cost  and  easy  to 
repair  or  replace,  in  comparison  with  large  telephone 
and  transmission  line  poles,  large  bridges,  wharves, 
heavily  used  railway  tracks,  and  the  like.  The  need 
for  maximum  protection  increases  with  the  impor¬ 
tance  and  cost  of  the  structure  and  the  difficulties  of 
repairing  it  without  serious  interruption  in  service. 
Similarly,  piles  in  salt  water  need  better  protection 
than  land  piles,  and  wood  in  warm,  humid  climates 
needs  better  protection  than  that  in  cold  or  dry 
climates.  No  set  of  emergency  rules  or  regulations 
can  make  adequate  and  fair  distinction  between  the 
more  important  and  the  less  important  but,  in  time 
of  national  emergency  and  severe  preservative  short¬ 
ages,  every  practical  effort  should  be  made  to  see 
that  the  best  preservatives  are  reserved  for  the  struc¬ 
tures  most  in  need  of  them. 
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In  stretching  our  preservative  supply  to  make  it 
go  as  far  as  possible,  we  may  frequently  have  to 
dilute  coal-tar  creosote  with  other  oils  to  a  much 
greater  extent  than  is  desirable  and  to  accept  oils 
that  are  not  quite  up  to  normal  specification  require¬ 
ments.  With  both  oil-  and  water-borne  preservatives 
it  may  be  necessary  to  reduce  the  permissible  reten¬ 
tions.  In  no  case,  however,  should  it  be  necessary  to 
accept  poor  treatment  or  timber  that  has  begun  to 
decay  before  it  is  treated.  Poor  workmanship,  slip¬ 
shod  methods,  poor  inspection,  and  downright  chis¬ 
eling  are  never  justifiable;  they  cannot  be  counte¬ 
nanced  when  we  are  at  war  or  preparing  for  it. 

Many  Preservatives  May  Be  Scarce 

The  availability  of  different  preservatives  is  likely 
to  vary  widely  in  different  parts  of  the  country  and 
with  changing  economic  conditions.  If  creosote  im¬ 
portation  is  seriously  reduced,  as  it  was  in  World 
War  II,  our  domestic  producers  will  be  unable  to 
meet  all  demands  upon  them.  If  the  amounts  of 
copper  and  chromium  salts  available  for  wood  pre¬ 
serving  are  seriously  curtailed,  which  may  easily 
happen,  we  will  not  have  enough  of  such  good  pre¬ 
servatives  as  Celcure,  Chemonite,  chromated  zinc 
chloride,  copper  naphthenate,  Erdalith,  Greensalt, 
Osmose,  and  Tanalith. 

Newer  preservatives  such  as  Boliden  salts  will 
not  be  much  help  because  they,  too,  usually  need 
chromium  or  other  critical  metals.  Even  our  old 
stand-by,  zinc  chloride,  could  become  seriously  re¬ 
stricted.  As  long  as  it  remains  available  in  adequate 
supply,  however,  zinc  chloride  can  serve  as  an  ex¬ 
ceedingly  useful  substitute  for  less  readily  leachable 
preservatives  that  may  be  unavailable.  We  know 
now  better  than  we  did  during  the  days  of  World 
War  I  that  retentions  of  one-half  pound  of  zinc 
chloride  per  cubic  foot,  in  common  use  then,  are 
too  low.  It  would  have  a  better  reputation  now  than 
it  has  if  the  retentions  used  in  those  days  had  been 
doubled. 

Chlorinated  phenols,  of  course,  to  the  extent  that 
they  may  be  available,  will  help  out  greatly  in  the 
event  of  a  creosote  shortage,  as  they  did  in  World 
War  II.  Although  they  are  not  effective  against 
marine  borers,  they  can  be  counted  on  for  good  pro¬ 
tection  of  wood  in  land  or  fresh -water  use.  The  lim¬ 
its  on  the  quantities  of  pentachlorophenol  that  may 
be  produced  are  the  amounts  of  chlorine  and  phenol 
that  may  be  spared  for  the  purpose. 

I  will  not  attempt  to  catalogue  the  possible  sub¬ 
stitutes  for  the  standard  oils  and  water-borne  pre¬ 
servatives  nor  to  discuss  the  advantages  and  disad¬ 
vantages  of  each.  There  is  much  published  infor¬ 
mation  on  the  subject  to  turn  to,  particularly  in 
the  Proceedings  of  the  American  Wood  Preservers’ 
Association,  the  publications  of  the  U.  S.  Forest 
Products  Laboratory,  and  the  publications  of  re¬ 
sponsible  preservative  manufacturers.  The  follow¬ 


ing  paragraphs,  however,  point  to  some  of  the 
things  we  can  turn  to  in  time  of  necessity. 

Some  Words  of  Caution 

For  protecting  wood  pile  structures  in  salt  water, 
use  only  the  best  grades  of  coal-tar  creosote  or 
creosote-coal-tar  solutions  and  treat  the  wood  to  re¬ 
fusal.  No  other  preservatives  can  be  counted  on  for 
long  life  in  salt  water  and,  with  most  of  them, 
the  protection  will  be  slight.  If  other  preservatives 
must  be  accepted,  or  if  low  retentions  of  creosote  or 
creosote-tar  mixtures  must  be  allowed,  limited  life 
should  be  expected  and  a  written  record  should  be 
made  to  show  that  it  was  not  possible  to  provide 
the  kind  of  treatment  required  for  reliable  per¬ 
formance. 

The  Right  Preservative  for  a  Given  Use 

For  railway  ties,  there  are  many  products  that  may 
be  used  to  supplement  the  standard  treatments  or  in 
complete  substitution,  but  they  should  be  used  with 
considerable  skill  and  intelligence  to  avoid  serious 
difficulty  or  sacrifice  of  quality.  Coal  tar,  water-gas 
tar  creosote,  lignite-tar  creosote,  wood-tar  creosote, 
and  oil-tar  creosote  are  some  of  the  oils  that  have 
been  used  in  the  past  for  adding  to  coal-tar  creosote 
or  in  lieu  of  creosote.  Each  of  these  oils  may  vary 
widely  in  quality,  some  compositions  being  of  such 
toxicity,  cleanness,  and  general  character  that  there 
need  be  little  hesitation  about  using  them  while 
others  have  serious  deficiencies  that  need  to  be 
avoided.  Before  any  oils  are  mixed  together  in  large 
quantities,  studies  should  be  made  to  determine 
whether  they  are  mutually  soluble  and  can  be  mixed 
and  heated  repeatedly  without  forming  a  sludge. 
When  solutions  of  pentachlorophenol  are  used,  ad¬ 
dition  of  other  oils  may  throw  some  of  the  penta¬ 
chlorophenol  out  of  solution,  particularly  on  re¬ 
peated  heating  and  cooling.  This,  of  course,  should 
be  avoided. 

Solutions  of  pentachlorophenol  in  petroleum  of 
suitable  quality  can  be  substituted  for  creosote  or 
creosote  solutions  in  tie  treatment,  as  long  as  they 
remain  available. 

For  the  treatment  of  poles,  oils  that  leave  the 
wood  surfaces  sticky  or  oily  are  undesirable.  This 
makes  the  choice  of  substitute  oils  more  limited 
than  for  tie  treatment.  During  World  War  II, 
pentachlorophenol  solutions  were  used  in  large 
quantities  for  pole  treatment,  either  alone  or  in 
mixture  with  creosote.  Copper  naphthenate  solu¬ 
tions  also  found  considerable  use  in  the  same  way. 
Mistakes  were  made  and  some  unpleasant  experi¬ 
ences  were  encountered  at  times  in  adapting  these 
solutions  to  plant  practice,  but  with  appropriate  oils 
and  proper  care  they  should  prove  satisfactory  and 
give  good  protection. 

For  piles,  posts,  and  structural  timbers  for  land 
use,  much  the  same  preservatives  can  be  used  as  for 
ties,  although  in  some  such  uses,  cleanness  may  be 
considered  of  greater  importance  than  for  ties. 
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Water-Borne  Preservatives 

In  using  water-borne  preservatives,  the  problem 
is  not  one  of  diluting  one  material  with  another 
but  one  of  substitution.  The  standard  materials 
should  be  used  and  standard  specifications  followed 
as  long  as  that  is  practicable.  When  they  are  no 
longer  available  we  may  have  to  turn  back  to 
straight  zinc  chloride  or  even  use  such  materials  as 
sodium  fluosilicate,  borax,  boric  acid,  or  zinc  sul¬ 
fate,  all  of  which  are  known  to  have  some  preserva¬ 
tive  value  but  are  less  desirable  than  the  preserva¬ 
tives  in  normal  use. 

Judgment  Required 

Turning  to  a  second-  or  third-choice  preservative 
may  jeopardize  considerable  values  and  should  be 
done  only  after  careful  study  of  all  the  factors  in¬ 
volved.  ^metimes  it  may  be  brought  about  through 
emergency  specifications  lowering  the  requirements 
of  the  standard  Government  or  association  specifica¬ 
tions.  This  is  usually  done  through  committee  action, 
after  study.  Railroads  buying  preservatives  for  the 
treatment  of  their  own  material  have  freer  choice 
and  can  buy  what  the  market  provides.  The  indi¬ 
vidual  purchaser  of  treated  wood,  however,  may  be 
faced  with  a  "take  it  or  leave  it”  choice.  Commer- 


Discussion 

Edward  Garbus  (Michigan  State  G)Ilege) :  Is 
the  reduction  in  the  use  of  wood  preservatives  such 
as  zinc  chloride,  Wolman  salts,  copper  naphthenate, 
etc.,  not  including  creosote  and  other  coal-tar  pre¬ 
servatives,  due  to  the  difficulty  in  obtaining  the 
chemical  or  to  cost  factors.^ 

Mr.  Hunt:  Fluctuations  in  the  amounts  of  differ¬ 
ent  preservatives  used  are  due  in  part  to  competition 
and  to  variations  in  character  and  quantity  of  mate¬ 
rials  being  treated.  The  cost  of  copper  naphthenate 
puts  it  in  a  weak  competitive  position  when  the 
supply  of  preservatives  is  plentiful.  Then  there 
have  been  some  unfortunate  failures  of  material 
supposed  to  have  been  treated  with  copper  naph¬ 
thenate  solutions.  This  has  adversely  affected  the 
reputation  of  copper  naphthenate,  although  possibly 
unjustly.  I  think  normal  business  competition  has 
much  to  do  with  fluctuations  in  the  amounts  of 
Wolman  salts  used.  With  both  copper  naphthenate 
and  Wolman  salts,  I  believe  there  has  been  no 
shortage  of  supply. 

R.  N.  Hammond  (Weyerhaeuser  Timber  Co.) : 
What  experiences  are  available  on  the  use  of 
pentachlorophenol  in  petroleum  oils  for  the  pro¬ 
tection  of  wood  against  marine  borers? 

Ira  Hatfield  (Monsanto  Chemical  Co.) :  All 
service  records  to  date  indicate  petroleum  solutions 
are  not  effective  in  salt  water. 

Ralph  H.  Mann  (American  Wood  Preservers’ 
Association) :  Is  the  quality  of  creosote  in  use  today 
as  good  as  that  used  25  to  50  years  ago? 

Mr.  Hunt:  The  character  of  creosote  varies  some¬ 
what  from  different  producer's  and  from  time  to 
time  as  demands  for  some  of  the  normal  constitu- 


cial  wood-preserving  plants  seldom  can  carry  more 
than  two  preservatives  and  are  not  in  position  to  let 
their  customers  choose  at  will  from  a  long  menu. 
Whatever  the  circumstances,  the  over-all  problem 
is  the  same,  namely,  to  get  the  best  protection  at  the 
most  reasonable  cost  under  the  prevailing  limita¬ 
tions  and  restrictions.  That  will  require  good  judg¬ 
ment — and  a  lot  of  good  luck,  too,  if  restrictions 
become  severe. 
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ents  of  tar  or  creosote  vary.  So  far  as  I  know,  how¬ 
ever,  the  good  creosotes  of  today  are  just  as  good 
as  the  good  creosotes  of  50  years  ago.  There  were 
creosotes  then  and  there  are  creosotes  today  that 
seem  less  desirable  than  others  but  all  coal-tar  creo¬ 
sotes  that  honestly  meet  standard  specifications  as  to 
source  and  character  may  be  relied  upon. 

E.  M.  Conway  (Tennessee  Valley  Authority) : 
Are  any  of  the  standard  preservatives  critical  at  the 
present  time? 

Mr.  Hunt:  The  salts  of  zinc  and  copper  may  be 
in  short  supply  because  of  the  increased  demand 
for  these  metals. 

George  E.  Olson  (Dow  Chemical  Co.) ;  We  have 
been  handling  all  requirements  for  chlorinated 
phenols. 

E.  H.  Rieman  (DuPont  Company) :  We  are  not 
looking  for  any  greater  volume  of  sales  of  zinc  or 
copper  salts. 

H.  W.  Angell  (American  Lumber  &  Treating 
Co.) :  There  is  thus  far  no  shortage  of  Wolman 
salts. 

Kenneth  T.  Scudder  (Taylor-Colquitt  Co.) :  Are 
creosote  products  capable  of  being  produced  from 
petroleum  more  cheaply  than  from  coal  tar? 

Mr.  Hunt:  Many  patents  have  been  issued  on  the 
preparation  of  creosote  from  petroleum  but  no  such 
creosotes  are  known  to  be  in  commercial  produc¬ 
tion.  It  is  not  impossible  that  perfectly  satisfactory 
preservatives  of  this  character  may  ultimately  be 
produced  from  petroleum  that  will  be  acceptable 
and  competitive  with  coal-tar  creosote.  Many  years 
of  testing  and  observation  will  be  required,  how¬ 
ever,  before  they  will  find  general  acceptance  as  the 
equal  of  coal-tar  creosote. 
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The  writer  presents  information  about  one  of  the  horizontal  levels  of  the  organization — the  wood  preserving  indus¬ 
try.  The  information  is  largely  statistical. 


The  wood  preserving  industry  is  a  large  industry. 

The  yearly  value  of  its  products  are  reported  in 
terms  of  hundreds  of  millions  of  dollars. 

Why  Does  Wood  Need  Preservative 
Treatment? 

Man  and  wood  have  been  associated  for  as  long  as 
man  has  been  on  this  earth.  Over  the  centuries  that 
have  passed  since  this  acquaintanceship  began  he  has 
learned,  though  he  may  not  have  understood  why, 
that  all  untreated  wood  in  contact  with  the  ground 
will  eventually  be  destroyed,  either  by  fungi  or  by 
insects  or  by  the  two  working  together.  He  has  also 
learned  that  his  untreated  wood  structures  standing 
in  sea  water  will  be  destroyed  by  marine  borers. 
Man’s  desire  to  build  permanent  structures  in  order 
to  hold  down  replacement  and  maintenance  costs 
led  to  the  development  of  the  wood  preserving 
industry. 

The  part  which  termites  and  other  insects  played 
in  the  destruction  of  wood  structures  on  land  and 
the  part  played  by  teredo  and  other  marine  borers 
in  boring  into  wood  for  shelter  or  for  its  use  as 
food  was  something  that  man  could  see  and  under¬ 
stand.  More  subtle  was  the  action  of  fungi.  These 
organisms,  unable  to  grow  in  dry  wood,  attack 
moist  wood  when  its  water  content  approaches  25 
percent.  They  feed  upon  the  wood  cells  and  break 
down  the  wood  as  they  grow.  Evidence  of  their 
growth  and  of  the  attendant  decay  of  the  wood  is 
often  first  signalled  by  a  growth  of  mushrooms, 
"squirrels  ears”  and  the  like  from  the  wood,  these 
being  the  fruiting  bodies  of  the  fungi  at  work 
within  the  wood. 

Though  only  imperfectly  understanding  the  proc¬ 
esses  of  decay  and  deterioration,  man  began  to  take 
his  first  practical  steps  to  prevent  the  destruction  of 
his  wooden  structures  well  over  100  years  ago. 
About  75  years  ago,  modern  wood  preservation  got 
its  start  when  he  learned  to  force  coal  tar  creosote 
into  the  wood  pressure  in  closed  cylinders. 

Through  one  of  those  h^py  coincidences,  creo¬ 
sote  proved  adequate  and  effective  against  all  three 
of  the  diverse  agents  of  wood  destruction — fungi, 
insects  and  marine  borers — and  at  the  same  time  it 


met  the  almost  equally  important  requirements  of 
permanency,  commercial  availability  at  an  economic 
price  level  and  low  toxicity  toward  humans  and 
animals. 

The  diverse  uses  to  which  wood  is  put  and  the 
various  complexities  of  application  and  use  make 
it  impossible  for  any  one  preservative  to  have  the 
field  of  wood  preservation  to  itself.  Thus  it  is  that 
the  modern  wood  preserving  industry  offers  a  num¬ 
ber  of  preservatives  for  treating  wood.  For  exam¬ 
ple,  water  solutions  of  salts  of  zinc,  copper,  arsenic 
and  the  fluorides,  as  well  as  copper  naphthenate 
and  pentachlorophenol  in  petroleum  solvents  are 
used  for  such  items  as  stadium  seats,  sash  and  trim, 
boardwalks  and  railway  platforms  handling  cotton, 
to  mention  only  a  few  instances  where  for  one  rea¬ 
son  or  another  creosote  would  not  be  used.  Most  of 
these  preservatives,  like  creosote,  are  backed  by  long 
and  excellent  performance  records  under  actual  , 
service  conditions. 

Who  Uses  Treated  Wood 

The  major  users  of  treated  wood  are  the  essen¬ 
tial  transportation,  communication,  electric  light  and 
power,  shipping,  mining  and  building  industries 
and  the  farmer.  The  types  of  treated  wood  are 
diverse  but  it  is  a  tribute  to  the  universal  use  of 
wood  that  the  same  item  is  often  used  by  several 
industries : 

Cross  ties,  switch  ties,  bridge  and  trestle  tim¬ 
bers,  poles,  cross  arms,  conduit,  piling,  sway 
braces,  planking,  culverts,  sea  walls,  construction 
timbers,  wood  blocks,  car  lumber,  fence  posts, 
guard  rail  posts,  mine  timbers,  pipe  staves,  pens, 
corrals,  platforms,  boardwalks,  sash,  trim,  doors, 
outdoor  furniture  and  other  milled  lumber. 

Such  treated  wood  has  a  greatly  extended  service 
life.  Fully  creosoted  telephone  poles,  for  example, 
can  be  expected  to  last  40  to  50  years.  Untreated 
railway  ties  which  last  about  5  years  by  treatment 
may  last  25  years,  even  under  the  severe  conditions 
of  railway  traffic.  Creosoted  piles  driven  into  the 
ground  are  permanent. 


Fig.  1. — Wood  preserving  plants  in  the  United  States. 


Distribution  of  Wood  Preserving  Plants 
in  U.  S.  A. 

The  scope  of  the  industry  and  the  location  of  its 
nearly  300  wood  preserving  plants  are  shown  by 
Fig.  1  which  is  reproduced  from  the  Wood  Pre¬ 
serving  Statistics  section  of  the  1949  issue  of  the 


Proceedings  of  the  American  Wood  Preservers 
Association. 

Preservatives  Used  in  1949 

The  consumption  of  preservatives  by  amount  and 
by  name  are  shown  in  Table  1  which  is  also  repro¬ 
duced  from  the  Proceedings  just  cited. 


Table  1. — Consumption  of  Preservatives — 1948-1949 


Liquids 

Creosote  and  coal-tar 
Creosote 

Creosote  content  of 

Creosote  petroleum  solution . . . . . 

Creosote  petroleum  penta  solution . . . . . 

Creosote  petroleum  copper  naphthenate  solution . . . . 

Creosote  coal-tar  solution _ _ _ 

Straight  creosote . . . . . . . 

Total  creosote _ _ _ 

Coal-tar 

Coal-tar  content  of  creosote  coal-tar  solution _ 

Creosote  coal-tar  solution  not  broken  down _ 

Total  creosote  and  coal-tar _ _ _ _ _ _ _ 

Solids 

Straight  zinc  chloride _ _ _ _ _ 

Chromated  zinc  chloride _ ... 

Wolman  salts _ _ _ _ _ _ _ _ _ 

Celcure _ _ _ .• _ _ _ 

Pentachlorophenol,  used  in  solutions  with  petroleum  and  creosote-petroleum. 

Copper  naphthenate,  used  in  solution  with  creosote  solution _ 

Osmose _ _ _ 

Copperized  chromated  zinc  chloride _ _ _ _ _ 

Protexol _ _ _ _ _ _ _ 

Minalith _ _ _ _ _ _ 

Miscellaneous _ ... _ _ _ _ _ 


Gallons 

1948  1949 


25,264,127 

1,634,099 

59,068 

31,929,155 

106,684,293 

23,782,622 

1,694,287 

0 

34,720,277 

110,196,806 

165,670,742 

170,393,992 

15,241,962 

16,755,405 

16,605,793 

13,355,565 

197,418,497 

200,504,952 

Pounds 

251,322 

0 

4,254,569 

2,903,587 

1,286,302 

1,003,992 

218,137 

138,829 

2,909,314 

2,288,614 

31,756 

0 

0 

80,871 

0 

98,703 

581,302 

678,341 

405,603 

197,927 

612,259 

410,299 

Total  solids. 


10,695,563 


7,801,163 
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Comparison  of  Preservatives  Based  on  Volume 
of  Wood  Treated 

The  information  on  comparative  volumes  of  wood 
treated  with  various  preservatives  appears  in  table 
form  in  the  Proceedings  just  cited  and  is  shown 
here  as  Table  2.  It  is  seen  that  a  very  high  percent- 

Table  2. — Comparison  of  Preservatives  Based  on 
Relative  Volumes  of  Wood  Treated — 1949 


Cubic  feet 
wood 
treated 

Creosote _  269,913,829 

All  other  preservatives _  20,642,106 


290,555,934 

Treated  With:  Per  Cent 

(includes  Creosote-Coal  Tar  and  Creo.-Pet.) _  92.89% 

Pentachlorophenol — petroleum _  2.14 

Creosote-Penta-petroleum _  1.46 

Chromated  Zinc  Chloride _  1.30 

Wolman  Salts _  1.12 

Celcure _  .05 

M  iscellaneous _  1.04 


age  of  the  total  volume  of  wood  treated  is  treated 
with  creosote  as  the  preservative  agent.  Such  is  the 
size  of  the  industry,  however,  that  the  volume  of 
wood  treated  by  the  preservatives  other  than  creo¬ 
sote  in  1949  is  nearly  sufficient  to  make  a  board¬ 
walk  two  feet  wide  extending  around  the  world  at 
the  equator. 

Imports  of  Creosote 

The  creosote  picture  would  not  be  complete  with¬ 
out  reference  to  imports.  During  1949,  the  imports 
of  creosote  amounted  to  16  percent  of  the  total 
creosote  consumed.  Imports  by  countries  for  1950 
have  just  become  available.  Table  3  shows  the  ori¬ 
gin  of  import  oil  by  countries. 

Summary — Outlook 

Untreated  wood  in  contact  with  the  ground  and 
similar  wood  exposed  to  marine  borers  in  sea  water 
has  a  comparatively  short  service  life.  Treatment  of 


this  wood  with  preservatives  under  pressure  adds 
permanence. 

The  major  users  of  treated  wood  are  the  essential 
transportation,  electric  power,  communication,  ship¬ 
ping  and  mining  industries.  From  the  standpoint  of 
economy,  these  industries  recognize  that  they  can 
no  longer  permit  untreated  wood  to  be  used  in  any 
situation  where  preservative  treatment  would  result 
in  more  economical  maintenance.  Such  a  program  is 
also  in  the  best  interests  of  our  national  economy. 

Thus,  it  is  that  preparations  for  war  which  might 
envisage  a  return  in  part  at  least  to  untreated  wood 
call  for  scrutiny  of  the  supplies  and  availability  of 
preservatives.  Government  action  to  date  in  limit¬ 
ing  copper  and  chromates  indicates  some  tightening 
in  the  supply  of  preservatives  containing  these  ma¬ 
terials.  Although  pentachlorophenol  is  made  from 
phenol,  which  in  turn  is  made  from  benzol,  now  in 
great  demand,  there  is  no  indication  that  supplies 
will  be  decreased.  As  this  is  written,  we  have  not  as 
yet  seen  anything  that  would  lead  to  any  particular 
shortage  of  creosote.  The  demand  for  treated  wood 
during  1951  appears  to  be  heavy.  This  will  mean 
more  creosote  consumption,  but  producers  are 
already  expanding  their  distillation  programs  to 
handle  increased  customer  requirements. 

Developments  in  times  of  past  national  emergen¬ 
cies  which  affected  creosote  supplies,  and  which  will 
therefore  bear  watching  in  the  present  emergency, 
were  (a)  sharp  shortages  in  fuel  oil  supplies  and 
(b)  difficulty  with  transportation  facilities,  particu¬ 
larly  ships.  With  regard  to  fuel  oil,  it  will  usually 
be  found  that  in  times  of  shortage,  steel  companies 
turn  to  burning  tar  for  fuel  in  their  open  hearth 
furnaces.  This,  of  course,  results  in  less  tar  being 
available  for  creosote  manufacture.  Reductions  in 
available  tanker  space  would  be  reflected  in  lower 
import  quantities  and  possibly  in  poorer  distribution 
to  areas  such  as  the  West  Coast. 


Table  3. — Creosote  Imported  Into  the  United  States — 1950 


United  Kingdom 

Belgium 

January _ 

February _ 

March _ 

April _ 

_  3,995,107 

_  690,619 

1,690,702 

””  4,914,606 

102,556 

June _ 

July . 

August _ 

September _ 

_  2,592,974 

_  3,196,151 

_  1,733,498 

_  300,390 

..  .  94,207 

1,076,346 

382,156 

1,744,808 

November _ 

_ •  l,034il95 

_  2,890,538 

Total . 

_  21,442,285 

4,995,568 

Discussion 

E.  M.  Conway  (Tennessee  Valley  Authority) : 
Are  any  of  the  standard  preservatives  critical  at 
present  time? 

E.  H.  Rieman  (DuPont  Company) :  Present  sup¬ 
ply  of  zinc  salts  is  generally  short,  nation-wide.  We 


Canada 

Netherlands 

Germany 

Mexico 

90 

10,468 

1,999,515  . 

987,176 

300,000 

5 

1,340,421 

1,476,906 

833,542 

509,903 

1,656,051 

1,357,829 

2,158,559 

2,519,948 

12,340 

5 

10 

24,445 

23,871 

35,023 

6.978,022 

8.161,828 

36,211 

are  at  present  in  a  position  essentially  to  meet 
requirements  of  regular  customers  for  CZC-chro- 
mated  zinc  chloride,  and  Copperized  CZC,  but  do 
not  anticipate,  at  present,  ability  to  acquire  new 
commitments. 

Ted  C.  Weill  (Michigan  State  College):  Are 
heartwood  ties  treated? 
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Mr.  Be s her:  Yes,  some  heartwoods  of  some 
species  treat  very  well,  such  as  black  gum,  red  oak, 
elm,  western  yellow  pine,  etc.  If  heartwood  ties  are 
adequately  seasoned  and  then  pressure  creosoted,  all 
species  of  ties  give  long  and  satisfactory  life,  pro¬ 
viding  they  have  the  other  necessary  physical  char¬ 
acteristics,  particularly  resistance  to  splitting  and 
checking  in  the  track. 

Mr.  Conway:  What  is  market  status  of  treated 
railroad  ties.^ 

Mr.  Roche:  The  railroads  stopped  buying  ties 
because  of  increased  cost,  now  with  war  on,  an 
extreme  shortage  of  crossties  has  developed. 

H.  W.  Angell  (American  Lumber  &  Treating 
Co.) :  Creosoted  structures  are  partially  fire-retardant 
— is  there  any  idea  as  to  the  mechanism  involved.? 

Mr.  Bescher:  There  are  records  in  the  literature 
of  numerous  fires  in  creosote  structures  which  have 
burned  vigorously  from  a  half  to  two  hours  and 
then  extinguished  themselves  without  too  serious 
damage  to  the  structure.  Creosoted  wood  burns 
similar  to  kerosene  burning  on  the  wick  of  a  lamp. 
Thus,  the  burning  of  the  creosote  in  part  lowers  the 
rate  of  burning  of  the  wood.  The  creosote  having 
a  very  high  carbon  to  hydrogen  ratio  burns  with  an 
extremely  sooty  flame.  Frequently  there  is  sufficient 
soot  deposited  on  the  surface  of  the  burning  wood 
to  smother  the  fire. 

Edward  Gar  bus  (Michigan  State  College):  Is  any 
work  being  done  on  creosote  to  remove  its  objec¬ 
tionable  characteristics,  such  as  odor.? 

Mr.  Roche:  We  have  considered  it  but  no  work 
is  in  progress.  The  cost  of  removing  odor  would 
probably  be  exhorbitant. 

George  M.  Hunt  (U.  S.  Forest  Products  Labo¬ 
ratory)  :  Perhaps  an  odorless  creosote  would  be 
useful  if  it  could  be  obtained  at  reasonable  cost  and 
without  reducing  the  effectiveness  of  the  oil.  It  does 
not  seem  to  be  a  matter  of  great  importance,  how¬ 
ever,  for  there  are  odorless  preservatives  that  may 
be  used  instead  of  creosote  in  most  places  where 
creosote  odor  is  seriously  objectionable.  Water¬ 
borne  preservatives  are  usually  odorless,  and  wood 
treated  with  pentachlorophenol  solutions  need  not 
have  a  strong  odor. 

G.  G.  Garlick  (Protection  Products  Mfg.) :  What 
is  the  purpose  of  incising? 

Mr.  Hunt:  Incising  increases  penetration  in  many 
species,  particularly  Douglas  fir,  in  which  the  longi¬ 
tudinal  penetration  is  sufficient  to  permit  penetra¬ 
tion  along  the  grain  from  one  incision  to  another. 
It  is  not  eflFective  in  the  heartwood  of  white  oak 
and  red  gum,  however,  because  longitudinal  pene¬ 
tration  in  these  species  is  too  limited. 

Ralph  H.  Mann  (American  Wood-Preservers’ 
Association) :  Can  hardwoods  be  successfully 
treated  ? 


Mr.  Hunt:  More  than  half  the  crossties  treated 
are  hardwoods.  They  treat  about  as  well  and  benefit 
as  much  by  treatment  as  the  softwoods.  Even  white 
oak,  which  is  naturally  durable,  has  its  life  more 
than  doubled  by  creosote  treatment,  and  red  oak, 
which  has  low  natural  decay  resistance,  is  made  by 
proper  treatment  approximately  equal  to  birch, 
maple,  and  the  gums,  which  also  are  treated  but  in 
smaller  quantities  than  the  oaks. 

Robert  W.  Wellwood  (University  of  British 
Columbia):  Is  the  mechanism  by  which  creosote 
preserves  wood  well  understood? 

Mr.  Roche:  Yes,  on  the  basis  of  Bateman’s  classic 
work  at  the  Forest  Products  Laboratory. 

Charles  5.  Walters  (Illinois  Agricultural  Experi¬ 
ment  Station) :  Perhaps  the  correct  answer  is  that 
the  food  of  the  fungi,  cellulose,  is  poisoned. 

Mr.  Hunt:  No  one  knows  all  the  detailed  mech¬ 
anisms  involved  in  the  protection  of  wood  by  creo¬ 
sote.  Briefly  and  in  simple  terms,  however,  creosote 
is  poisonous  to  wood-destroying  fungi  and  insects 
and  thesjc  organisms  cannot  live  in  wood  that  has 
substantial  quantities  of  creosote  in  it.  Mr.  Walters 
put  it  more  succinctly  when  he  said  the  food  of  the 
wood  destroyers  is  poisoned. 

Mr.  Walters:  How  does  birch  treat? 

A.  J.  Loom  (Northern  Pacific  Railway) :  About 
the  same  as  maple.  Standard  practice  for  preserva¬ 
tive  treatment  of  Minnesota-Wisconsin  birch  ties 
by  the  Lowry  process  at  the  Brainerd,  Minnesota, 
plant  of  the  Northern  Pacific  Railway,  with  50-50 
creosote- petroleum  solution,  (A.W.P.A.  Specifica¬ 
tion  P  3-48  is  as  follows:  'Ties  are  air  seasoned 
from  six  to  twelve  months  before  treatment.  Green 
ties  to  be  adequately  seasoned  for  treatment  in 
October  should  be  piled  in  the  seasoning  yard  not 
later  than  May  1st.  Treatment  is  in  accordance  with 
A.W.P.A.  Specification  T  1-49,  and  consists  of  the 
following. 

Temperature  of  preservative — 180®  to  190®  F. 

Pressure  from  1  to  2  hours — 100  to  150  pounds 
per  square  inch. 

Vacuum  II/2  hours — 22  inches. 

Net  absorption — 8  pounds  per  cubic  foot. 

Mr.  Weill:  Are  the  companies  overcoming  difii- 
culties  found  in  creosote  treatment  of  heartwood  in 
species  used  for  ties? 

Mr.  Bescher:  The  problem  of  getting  deeper 
penetration  in  the  heartwood  of  species  which  are 
resistant  to  penetration  of  creosote  is  very  difficult. 
If  the  heartwood  ties  can  be  fully  seasoned  and  all 
season  checks  are  developed  before  treatment  takes 
place,  the  tie  is  adequately  protected  because  there 
will  be  a  film  of  treated  wood  completely  surround¬ 
ing  the  susceptible  untreated  heart  center.  However, 
if  the  ties  check  subsequent  to  treatment  and  check 
deeper  than  the  treated  shell,  the  center  of  the  tie 
is  subject  to  decay. 


TECHNICAL  SESSION  VI— Thu.,  May  10,  1951,  9:00  A.  M. 

General  Subjea:  Training  Men  for  the  Wood  Industries 

Chairman:  R.  C.  Fraunberger — ^Recorder:  R.  A.  Hertzler 


What  the  Furniture  Industry  Expects  From  the 
College-Trained  Man 

Clyne  Crawford,  President,  Crawford  Furniture  Manufacturing  Corporation,  Jamestown,  New  York 


The  furniture  industry  needs  college  men  with  sound  technical  training,  able  to  apply  basic  science  to  the  industry’s 
many  problems  without  reference  to  traditional  thinking,  with  integrity  basM  on  good  moral  training,  and  the  ability  to 
understand  and  work  with  people. 


WE  ARE  a  very  great  industry  made  up  of  rela¬ 
tively  small  units.  That  simplifies  our  problem 
in  some  respects  in  dealing  with  the  college-trained 
employees,  as  we  do  not  have  to  guard  against  over 
specialization  and  its  discouraging  routine.  Instead, 
we  need  men  more  versatile  than  the  great  corpora¬ 
tions  which  have  a  tendency  toward  specialization. 

The  Men  Needed 

We  need  men  as  future  supervisors  and  executives 
with  three  general  qualifications  when  they  leave 
college. 

1.  To  approach  the  problems  of  the  furniture  in¬ 
dustry  with  a  critical  and  analytical  mind  and 
not  to  accept  hide-bound  tradition  as  either 
necessarily  right  or  wrong. 

2.  To  be  as  familiar  as  possible  with  much  of  the 
research  and  academic  knowledge  pertaining  to 
these  problems. 

3.  To  deal  intelligently  with  people. 

About  two  years  ago,  I  was  asked  to  present  a 
paper  on  some  of  the  problems  of  the  furniture 
manufacturer.  Fortunately,  I  was  not  asked  to  solve 
them.  Among  the  problems  mentioned  was  that  of 
open  glue  joints.  I  said  it  was  still  a  mystery  to  me 
what  caused  them  in  spite  of  all  the  papers  written 
on  the  subject. 

I  received  a  number  of  letters  with  regard  to  this 
paper,  most  of  them  suggesting  there  was  no  mystery 
to  making  good  glue  joints.  One  professor  proposed 
that  if  I  would  outline  all  the  conditions  under 
which  these  glue  joint  failures  developed,  he  could 
readily  locate  the  trouble.  The  very  simplicity  of 
this  effort  to  be  helpful,  implying  that  four  or  five 
well-established  basic  facts  would  solve  the  problem, 
shows  how  little  many  of  even  our  better  informed 
men  know  about  the  many  variables  involved  in  one 
of  the  fundamental  problems. 

The  available  knowledge  concerning  the  basic 
facts  of  wood  gluing  is  extremely  meager.  What 
pressure  should  be  exerted  on  the  glue  line  when 
hard  maple,  for  instance,  is  being  used,  and  what 
moisture  content  of  the  wood  results  in  the  best 


joint?  What  time  element  for  drying  is  necessary 
under  different  drying  temperatures?  Certainly  the 
answers  are  not  the  same  for  urea  resins  and  animal 
glues  or  for  edge  gluing  and  lying  up  veneers.  In 
fact,  the  answers  are  so  complex  that  much  research 
must  be  done  before  we  have  working  formulas 
upon  which  intelligent  decisions  can  be  based. 

On  a  problem  of  this  kind,  we  do  not  expect  the 
college-trained  man  to  know  all  the  answers,  because 
most  of  the  answers  are  still  to  be  established.  We 
can,  however,  expect  him  to  know  what  the  prob¬ 
lems  are  and  to  be  logical  and  thorough  in  his 
analysis  of  them.  He  should  not  be  dogmatic  in  his 
thinking. 

Need  for  an  Open  Mind 

I  was  talking  to  a  plant  owner  the  other  day 
about  glue  joint  problems,  and  he  said,  "Well,  I 
know  one  thing — the  lumber  should  not  have  over 
5  percent  moisture  content.”  This  man  used  four 
different  types  of  lumber  and  both  animal  glue  and 
urea  resin  in  his  factory,  yet  he  felt  he  could  gen¬ 
eralize  to  that  extent.  TTiis  is  not  the  type  of  ap¬ 
proach  we  expect  from  a  technically-trained  man. 
We  do  not  expect  him  to  be  an  expert  in  all  fields, 
but  we  do  expect  him  to  have  an  open  mind  free 
from  the  old  traditions  of  the  industry  and  to  be 
able  to  recognize  problems  and  the  factors  that  make 
the  problems  even  though  he  might  not  have  the 
ready  answers.  He  should  be  able  to  isolate  and 
classify  the  variables  of  a  problem  and  to  establish 
a  plan  to  solve  it. 

Varied  Skills  Are  Useful 

Besides  knowledge  on  wood  seasoning  and  glu¬ 
ing,  it  is  also  very  desirable  that  the  college-trained 
man  have  some  knowledge  of  the  design  of  machin¬ 
ery  and  on  the  machinability  of  wood.  A  working 
knowledge  of  cutting  forces,  cutter  efficiency,  and 
power  requirements  for  modern  woodworking  ma¬ 
chines  is  extremely  essential.  This  is  another  field 
in  which  additional  basic  knowledge  should  be  de¬ 
veloped  through  research  at  our  federal,  state,  and 
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university  laboratories.  We  can  no  longer  rely  on 
"cut  and  try”  methods  to  obtain  lowest  production 
costs,  greatest  output  and  highest  quality. 

We  also  expect  this  advanced  training  to  teach  a 
man  fundamental  principles  so  that  his  thinking 
evolves  from  a  firm  foundation.  A  study  of  basic 
principles  is  more  important  than  many  so-called 
"practical”  courses.  Fundamental  principles  of  engi¬ 
neering  and  the  sciences  are  essential.  The  princi¬ 
ples  of  economics  and  principles  of  accounting  are 
invaluable,  since  most  of  the  furniture  plants  are 
too  small  to  employ  several  specialists.  TTie  princi- 

f)les  of  religious  values,  which  are  frequently  over- 
ooked  yet  which  assure  his  integrity  and  high  eth¬ 
ical  standards  and  practices,  are  of  utmost  impor¬ 
tance. 

There  are  other  subjects  which  are  desirable  other 
than  the  principles  just  mentioned  upon  which 
thinking  and  logic  are  founded.  One  important  one 
to  a  technologist  is  the  ability  to  make  simple  but  in¬ 
terpretive  free-hand  sketches.  This  is  needed  in  pro¬ 
duction  and  sales,  in  the  design  of  forms  and  tools, 
the  design  of  furniture,  or  detailed  parts  of  furni¬ 
ture,  and  for  explaining  ideas  to  the  administration 
as  well  as  to  fellow  employees.  It  is  an  ability  which 
can  be  developed  with  instruction,  but  few  people 
possess  it  in  spite  of  the  fact  that  everyone  in  the 
furniture  industry  wishes  he  had  acquired  such 
training. 

The  study  of  fundamentals  of  statistics  trains  the 
mind  to  classify  varying  causes  and  effects  and  to 
evaluate  them,  a  function  particularly  needed  in  the 
furniture  industry.  The  knowledge  of  statistics  en¬ 
courages  the  individual  to  look  beyond  the  pub¬ 
lished  reports  to  question  and  to  interpret  stereo¬ 
typed  facts. 

People  Part  of  the  Job 

In  addition  to  the  technical  problems  peculiar  to 
our  industry,  another  important  problem  which  we 
expect  the  college-trained  man  to  approach  with  in¬ 
telligence  is  that  of  dealing  with  people.  Industry  is 
assuming  greater  social  responsibilities,  and  the 


handling  of  human  relations  is  a  very  important 
phase  of  the  work  of  supervisors.  Many  college  stu¬ 
dents  to  whom  I  have  taUced  before  they  were  gradu¬ 
ated  thought  that  most  management-labor  problems 
were  due  largely  to  the  unreasonableness  of  man¬ 
agement.  Soon  after  they  had  their  first  experience 
in  supervision  they  often  felt  the  factory  employees 
were  extremely  unreasonable  in  their  demands.  A 
good  supervisor  is  one  who  does  more  than  just  get 
along  with  people;  it  means  getting  the  job  done 
with  harmonious  relations  continuing  to  exist  be¬ 
tween  the  employees  and  also  between  departments. 
The  ability  of  an  individual  to  be  firm  but  cour¬ 
teous  is  a  requisite  to  success  as  a  supervisor.  We 
expect  college-trained  men  to  know  more  about  the 
problems  of  human  behavior  than  men  who  have 
risen  from  the  ranks  due  to  their  technical  skill. 

A  college  graduate  should  be  willing  and  eager 
to  join  the  clubs  or  groups  of  his  own  professional 
training  and  to  take  part  in  their  activities.  He 
should  be  willing  to  do  his  part  in  civic  enterprises 
and  to  maintain  an  association  with  men  similarly 
situated  in  his  field. 

Opportunities  and  Rewards 

The  furniture  industry  is  made  up  of  smaller 
corporations  than  some  industries  are.  Therefore, 
we  cannot  afford  the  specialization  for  an  individual 
function  that  some  large  industries  engage  in.  Our 
supervisors  must  have  a  well-balanced  and  more  ver¬ 
satile  educational  background.  A  supervisor  in  the 
furniture  plant  is  less  inclined  to  be  straight- jacketed 
than  in  a  larger  organization.  He  has  an  opportu¬ 
nity  to  express  his  technical  knowledge,  leadership, 
enthusiasm,  imagination,  and  vision.  The  furniture 
industry  offers  greater  opportunities  to  a  college 
man,  because  he  can  more  readily  express  his  com¬ 
plete  personality.  Research  in  adhesives,  lumber, 
and  machinability  of  wood  promises  great  progress 
for  the  industry.  Progress  is  the  very  basis  of  oppor¬ 
tunity.  We  demand  a  great  deal  of  the  college 
graduate,  but  at  the  same  time  we  feel,  as  the  future 
will  show,  that  we  have  a  great  deal  to  offer  in 
exchange. 


Discussion 

Theodore  C.  Weill  (Michigan  State  College): 
What  kind  of  college  training  is  necessary.? 

Mr.  Crawford:  Liberal  arts  training  is  necessary 
for  an  executive’s  progress  but  the  furniture  in¬ 
dustry  is  behind  technically,  and  needs  men  trained 
in  fundamental  principles  if  the  industry  is  to  make 
progress. 

Wayne  K.  Mur p hey  (Pennsylvania  State  Col¬ 
lege)  :  Your  emphasis  on  a  longer  college  educa¬ 
tion  raises  a  question.  Do  you  think  that  a  Master’s 
degree  or  5 -year  course  is  indicative  of  a  man’s 
ability  to  fit  into  industry?  Many  people  in  industry 


are  not  college  men.  How  can  you  get  analytical 
thinkers  from  college?  If  a  man  will  get  the  basics 
wanted  by  industry,  while  developing  a  logical 
mind,  is  it  not  possible  that  such  a  man  will  be 
more  acceptible  to  the  industry? 

Mr.  Crawford:  The  most  valuable  man  in  his 
outfit  doesn’t  necessarily  have  a  high  school  educa¬ 
tion,  but  he  studies  all  the  time,  including  night 
school  courses.  Academic  training  should  be  taken 
in  college.  In  college  he  should  get  cultural  training 
and  not  do  too  much  outside  work  earning  expenses 
unless  absolutely  essential.  If  a  man  has  ability  to 
get  an  education  outside  of  college  he  is  usually  an 
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excellent  man  who  would  do  even  better  with  col¬ 
lege  training.  College  is  the  easiest  way  to  get 
training. 

Dr.  Hereford  Garland  (Michigan  College  of 
Mining  &  Technology) :  ^X'hat  is  the  best  way  to 
start  a  college  graduate  learning  furniture  manu¬ 
facturing  7 

Mr.  Crawford:  By  working  in  a  furniture  factory 
on  jobs  that  are  not  too  confusing,  such  as  inspect¬ 
ing,  checking  moisture  content  of  lumber  through¬ 
out  the  plant,  as  production  control  clerk,  handling 
routine  personnel  problems  such  as  interviewing 
applicants  and  other  work  that  takes  him  around 
the  factory. 

Mr.  X:  What  will  be  the  effect  of  greater  re¬ 
search  to  the  economic  position  of  the  furniture 
industry.^ 

Mr.  Crawford:  When  some  of  the  fundamental 
problems  besetting  the  furniture  manufacturer  are 
minimized  by  research  on  glues,  lumber,  machin- 
ability,  humidity  and  its  control  and  finishing  mate¬ 
rials,  there  will  tend  to  be  much  larger  and  modern 


furniture  factories  with  sales  and  advertising  prob¬ 
lems,  as  well  as  designs  more  intelligently  handled 
as  manufacturing  facilities  can  be  expanded  under 
the  same  general  supervision  and  overhead.  Furni¬ 
ture  costs  will  come  down  with  this  expansion. 

Mr.  X:  What  will  be  the  effect  of  training  men 
in  the  universities  for  the  furniture  industry.^ 

Mr.  Crawford:  A  more  satisfied  working  force 
in  the  factory  where  they  are  handled  with  intelli¬ 
gence.  There  will  be  greater  opportunities  for  those 
of  ability  when  intelligently  directed  and  observed. 

Mr.  X:  How  can  research  in  the  furniture 
industry  best  be  advanced  more  rapidly.^ 

Mr.  Crawford:  By  trade  associations  supporting 
the  intelligent  research  now  being  carried  on  in 
accredited  colleges.  Every  phase  of  the  industry 
should  be  interested  in  this  research,  the  manufac¬ 
turers,  the  glue  sources,  manufacturers  of  finishing 
materials,  the  hardwood  associations,  and  dealer 
associations  interested  in  a  better  product  for  less 
money.  All  these  associations  should  be  acquainted 
with  what  research  is  underway  and  its  objectives. 


The  Scope  and  Objectives  of  College  Training 
"Undergraduate  Training” 

F.  H.  Kaufert,  Director,  Minnesota  School  of  Forestry 


The  rapid  post-war  development  in  college  training  programs  in  the  field  of  wood  processing  and  merchandising 
is  summarized.  Torestiy,  engineering,  and  business  schools  have  heen  primarily  interested  in  this  development.  The  im¬ 
portant  problem  of  attracting  and  holding  qualified  staff  members  with  experience  in  industry  and  the  part  that  induMrv 
can  play  in  accomplishing  this  is  discussed.  The  added  problem  of  attracting  to  these  college  training  programs  more  high 
qualiVf  interested,  and  stimulated  students  is  emphasizM. 


Introduction 

There  has  been  a  remarkable  growth  of  under¬ 
graduate  college  training  programs  having  as 
their  objective  the  preparation  of  students  for  em¬ 
ployment  in  the  wood-processing  industries  and  in 
the  merchandising  of  wood  products.  Schools  of 
forestry,  engineering,  business  administration  and 
combinations  of  these  groups  have  all  been  inter¬ 
ested  and  involved  in  this  growth  and  development. 
Much  has  been  written  on  the  success  or  failure  of 
these  programs  and  the  product  they  have  turned 
out — the  young  men  with  B.  S.  degrees  whose  ob¬ 
jective  is  to  find  and  make  places  for  themselves  in 
the  wood  processing  and  merchandising  field. 

It  is  difficult  for  any  one  individual  to  attempt  to 
encompass  and  summarize  all  of  the  developments 
in  training  for  employment  in  the  wood  processing 
and  merchandising  fields  which  have  taken  place  in 
such,  diverse  groups  as  forestry,  engineering,  busi¬ 
ness  administration  and  other  schools  or  colleges. 
It  is  even  more  difficult  for  one  individual,  regard¬ 
less  of  how  well  he  may  be  generally  acquainted 
with  wood  technology  developments,  employment 
opportunities,  and  achievement  of  graduates,  to 
evaluate  with  any  degree  of  accuracy  the  success  of 
training  programs  of  this  type.  It  is  probably  much 
easier  to  enumerate  and  set  north  what  one  considers 
the  shortcomings  and  problems  of  undergraduate 
training  aimed  at  preparing  students  for  employ¬ 
ment  in  the  wood  processing  and  merchandising 
'  fields.  Consequently,  in  approaching  the  subject,  I 
do  so  with  considerable  hesitance,  recognizing  that 
to  every  general  statement  made  in  this  paper  there 
are  glaring  exceptions. 

In  this  discussion  the  assigned  subject  will  be 
treated  from  the  standpoint  of  developments  that 
have  occurred  in  schools,  colleges  and  universities 
preparing  students  for  these  fields  of  employment; 
the  type  of  product  that  has  been  produced,  the 
acc^tance  or  this  product  by  industry;  and  the 
problems  of  these  college  training  programs  and 
what  may  be  done  to  cure  or  correct  them. 

Development  of  Training  Programs 

It  is  not  the  purpose  of  this  paper  to  go  into  great 
detail  concerning  the  development  and  expansion 
of  training  programs  in  this  field.  Those  who  read 
the  series  of  articles  in  Wood  Magazine  (1947—49) 
have  had  some  introduction  to  what  has  happened 


in  several  forestry  and  engineering  schools  in  con¬ 
nection  with  such  training.  Anyone  doubting  the 
interest  that  forestry  schools  in  particular  have  taken 
in  developing  training  programs  in  this  field  should 
read  the  excellent  discussions  on  these  developments 
written  by  Dunn  (1),  Garland  (2),  Hossfeld  and 
Rees  (4),  JeflFers  (.5),  Korstian  (6),  Marckworth 
(7),  Panshin  (8),  Patronsky  (9),  Stevens  (11), 
and  others  who  have  covered  developments  at  their 
respective  institutions  in  articles  appearing  in  Wood 
Magazine  and  other  trade  publications.  Briefly,  the 
outstanding  feature  of  each  of  these  discussions  ap¬ 
pears  to  be  the  expression  of  deep  interest  in  the 
further  development  of  these  training  programs,  the 
tremendous  increase  in  equipment  and  space  de¬ 
voted  to  this  training,  and  the  somewhat  increased 
staff  devoting  its  time  to  this  field  of  training. 

Additional  discussions  of  developments  in  train¬ 
ing,  particularly  in  fields  commonly  designated  as 
wood  technology  and  wood  utilization  have  been 
further  summarized  and  described  by  Preston  (10) 
and  the  several  publications  of  the  National  Lumber 
Manufacturer’s  Association  (12).  In  all  of  these 
discussions,  relatively  little  attention  is  given  to 
what  may  prove  an  equally  significant  development 
in  training  for  this  field.  This  field  of  training  is 
what  has  been  designated  as  preparation  for  sales 
and  development  work  in  the  field  of  building  prod¬ 
ucts  merchandising.  While  not  concerned  primarily 
with  wood,  this  development  has  outstanding  sig¬ 
nificance  because  one  of  the  recognized  weaknesses 
of  wood-using  and  processing  industries  has  been 
in  sales  and  merchandising.  This  growth  in  interest 
on  the  part  of  forestry  and  engineering  schools  as 
well  as,  very  fortunately,  on  the  part  of  business 
schools,  has  been  described  by  several  individuals 
and  has  been  widely  publicized  in  trade  journals. 
However,  the  writer  questions  whether  the  signfi- 
cance  of  this  development  is  fully  appreciated  by 
most  individuals  concerned  with  training  for  pro¬ 
duction  of  wood  products.  We  are  too  prone  to 
consider  the  laboratory  with  its  hot  presses,  dry 
kilns,  pressure  treating  cylinders,  saw  mills  and 
other  paraphernalia  as  a  measure  of  accomplishment. 
Actually,  little  of  this  is  necessary,  nor  need  it  be 
used  in  the  training  of  successful  building  products 
merchandisers.  The  writer  is  the  first  to  admit  that 
a  good  basic  knowledge  of  products  is  essential  to 
the  merchandiser.  However,  such  knowledge  does 
not  necessarily  have  to  be  obtained  through  exten- 
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sive  laboratory  course  work.  It  can  probably  be 
equally  effective  and  valuable  if  obtained  through 
plant  visitations,  illustrated  lectures,  etc. 

Although  this  is  a  rather  rough  estimate  and  is 
based  primarily  on  the  discussions  of  equipment  now 
available  for  instruction  as  given  by  the  several 
authors  quoted  above,  the  writer  is  convinced  that 
there  has  been  at  least  a  four-fold  increase  in  mate¬ 
rials  available  for  instruction  in  these  fields  as  con¬ 
trasted  to  that  available  prior  to  World  War  II. 
Materials  in  this  case  would  include  laboratory 
equipment,  space  and  literature.  In  regard  to  staff 
increases,  it  appears  that  this  has  not  been  as  rapid. 
Judging  again  from  the  reports  available  in  litera¬ 
ture,  there  are  today  approximately  two  times  as 
many  individuals  engaged  in  training  students  for 
these  fields  as  there  were  prior  to  World  War  II. 

In  regard  to  another  important  item  on  which 
one  can  judge  development,  interest,  there  appears 
to  have  been  a  far  greater  development  than  in 
either  of  the  above.  It  is  recognized  that  interest 
alone  is  not  sufficient  to  bring  about  accomplish¬ 
ment.  However,  sustained  interest  on  the  part  of 
many  individuals  when  combined  with  growth  and 
strengthening  of  training  facilities  imparts  addi¬ 
tional  significance  to  the  happenings  of  the  past  ten 
years  in  this  field.  That  there  has  been  increased 
interest  in  these  training  programs  is  further  indi¬ 
cated  by  the  number  of  students  being  trained. 
Preston  (10)  suggests  that  this  number  is  at  least 
double  the  number  trained  prior  to  World  War  II. 

The  Product  of  This  Training 

In  discussions  of  research  results  and  product  de¬ 
velopment,  the  ultimate  measure  of  success  is  usually 
determined  by  the  acceptance  or  success  of  the 
product  produced.  The  product  produced  by  all  of 
the  training  programs  is  the  graduate  with  the 
Bachelor  of  Science  degree.  In  his  normal  four-year 
training  program  he  has  been  exposed  rather  gen¬ 
erally  during  his  first  two  years  to  a  basic  series  of 
courses  in  the  natural  and  social  sciences,  English 
and  a  few  elementary  courses  which  will  serve  him 
as  background  material  for  later  professional 
courses.  During  his  last  two  years  in  these  training 
programs,  he  is  subjected  to  a  rather  diverse  set  of 
professional  courses,  most  of  them  largely  intro¬ 
ductory,  in  such  subjects  as  wood  identification,  sea¬ 
soning,  gluing,  wood  products,  plywood,  wood¬ 
working  machinery,  wood  preservation,  pulp  and 
paper,  wood  chemistry,  etc.  During  these  last  two 
years  he  has  had  exposure  in  the  larger  and  better 
equipped  institutions  to  the  manufacture  of  wood 
products  in  one  or  more  laboratory  courses.  He  has 
at  least  learned  what  hot  presses,  pressure  treating 
cylinders,  dry  kilns,  wood  testing  equipment,  etc. 
are  used  for  and  has  some  knowledge  of  their  opera¬ 
tion.  If  the  student  has  been  fortunate  enough  to 
have  several  summers  of  experience,  he  may  come 
out  of  these  training  programs  better  prepared  and 


with  more  to  offer  prospective  employers  than  with¬ 
out  such  experience. 

I  am  in  agreement  with  the  opinion  expressed  by 
Graham  (3)  in  his  recent  article  "Industry  wants 
college  men,  but  with  practical  training”.  Graham 
emphasizes  the  combination  of  class  room  and  prac¬ 
tical  training  which  is  so  desired  by  prospective 
employers.  Few  would  argue  with  the  thesis  he 
develops  on  this  subject.  However,  a  critical  anal¬ 
ysis  of  what  can  be  successfully  encompassed  by  a 
student  in  a  four-year  program  leading  to  the  Bach¬ 
elor  of  Science  degree  leads  one  to  the  following 
general  conclusions; 

1.  That  with  the  exception  of  the  occasional  indi¬ 
vidual,  students  with  outstanding  ability  and  fortu¬ 
nate  enough  to  have  gained  broad  experience 
through  summer  work  -or  other  employment,  the 
average  graduate  of  these  training  programs  has 
been  an  individual  with  training  deserving  the 
award  of  the  B.  S.  degree,  but  certainly  not  ade¬ 
quately  prepared  for  specialized  work  in  any  par¬ 
ticular  industry.  In  other  words,  it  has  not  been 
possible,  and  I  am  certain  that  the  future  will  pro¬ 
vide  additional  proof  that  it  is  not  possible,  to  train 
in  undergraduate  training  programs  specialists  in 
such  fields  as  wood  preservation,  plywood  manufac¬ 
ture,  seasoning,  gluing  procedures,  etc.  The  writer 
is  convinced  that  schools  attempting  to  accomplish 
such  specialized  industry  training  on  the  under¬ 
graduate  level  will  find  their  programs  more  on 
the  vocational  than  college  level.  This  statement  is 
not  meant  to  imply  that  vocational  training  is  any 
less  important  or  less  to  be  desired  than,  college 
training.  Actually,  the  writer  considers  vocational 
training  for  the  wood  processing  and  merchandising 
industries  one  of  the  most  important  and  significant 
parts  of  all  training.  What  is  implied,  however,  is 
that  it  is  difficult  in  our  wood  technology,  utiliza¬ 
tion  and  merchandising  training  programs  to  train 
specialists  capable  of  taking  their  place  immediately 
upon  graduation  in  given  industries. 

2.  That  institutions  training  men  for  the  wood 
processing  and  merchandising  fields  can  claim  some 
credit  for  the  success  of  their  graduates  in  these 
fields.  It  is  not  necessary  for  me  to  report  to  you 
that  most  institutions  make  such  claims.  In  my  opin¬ 
ion,  it  is  unfortunate  that  these  claims  for  the  suc¬ 
cess  of  graduates  are  usually  based  on  the  amount 
or  practical  instruction  given  students  in  applied 
subjects.  This  is  unfortunate  because  it  is  so  evi¬ 
dent  that  what  we  can  and  should  attempt  to  achieve 
in  training  for  the  B.  S.  degree  in  four-year  courses 
is  emphasis  on  fundamentals,  on  principles,  on  back¬ 
ground  basic  training  that  has  general  but  not  spe¬ 
cific  application.  When  we  attempt  to  go  further 
and  train  for  specific  industries,  there  is  usually  a 
compromise  and  the  question  arises — is  the  training 
at  the  college  level  or  is  it  vocational? 

Although  there  is  bound  to  be  plenty  of  dis¬ 
agreement  on  this  point,  it  is  evident  to  me  that 
highly  specialized  training  or  training  for  employ- 
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merit  in  branches  of  the  wood  processing  and  mer¬ 
chandising  fields  has  little  place  in  the  undergradu¬ 
ate  college  program.  Such  training  must  be  obtained 
through  summer  work,  on-the-job  training  follow- 
ing  graduation,  and  through  starting  at  the  bottom 
and  learning  through  doing  on  various  jobs.  Train¬ 
ing  for  specialized  research  and  development  work 
in  industry  belongs  in  the  graduate  and  not  under¬ 
graduate  fields. 

Problems  of  College  Training  Programs 

In  my  opinion,  the  problems  of  undergraduate 
training  programs  at  the  college  level,  are  not  lack 
of  large  laboratories  with  their  array  of  equipment 
so  dear  to  the  heart  of  wood  technologists,  engi¬ 
neers,  and  students.  Equipment  and  facilities  of  this 
type  are  impressive  to  prospective  employers  and 
often  tend  to  confuse  them  regarding  the  merits  of 
the  product — the  graduate  with  a  B.  S.  degree  in 
wood  technology,  utilization,  engineering,  or  mer¬ 
chandising.  Such  equipment  and  laboratories,  though 
impressive,  are  little  more  than  accoutrements  or 
window  dressing  for  undergraduate  college  pro¬ 
grams,  whereas  they  are  necessities  for  vocational 
and  graduate  training  programs. 

The  problems  of  undergraduate  training  pro¬ 
grams,  it  appears  to  me,  arc  lack  of  a  sufficient 
number  of  qualified  staff  members  and  failure  to 
attract  a  larger  number  of  outstanding  students. 

•  With  few  exceptions,  engineering  schools  offer¬ 
ing  training  in  this  field  do  not  include  on  their 
staffs  men  with  a  thorough  background  of  training 
in  or  appreciation  for  wocxl  products.  It  is  difficult 
to  interest  students  in  a  raw  material  with  the  diver¬ 
sity  and  complexity  of  wood  if  the  staff  member  is 
not  fully  appreciative  of  its  properties  and  poten¬ 
tialities.  Forestry  schools  have  done  more  to  increase 
their  staffs  for  such  training.  However,  these  in¬ 
creases  have  too  frequently  been  more  in  quantity 
than  quality.  The  individual  with  ambition,  imagi¬ 
nation,  ability  to  stimulate  students,  and  possessed 
of  other  qualities  needed  in  good  teachers  has  too 
frequently  avoided  or  only  briefly  tarried  in  educa¬ 
tional  institutions.  For  this  situation  industry  must 
assume  its  full  share  of  responsibility.  This  respon¬ 
sibility  lies  only  partly  in  the  fact  that  industry  has 
drawn  so  many  promising  teachers  to  its  ranks.  A 
more  important  contributing  factor  is  that  industry 
has  not  assumed  sufficient  responsibility  for  seeing 
that  the  institutions  from  which  their  future  leaders 
should  come  have  the  support  needed  to  improve 
salaQ^  levels  to  the  point  where  a  larger  percentage 
of  outstanding  and  successful  men  with  promise  as 
teachers  return  to  the  teaching  field  after  they  have 
made  their  mark  and  have  gained  the  broadening 
experience  so  badly  needed. 

The  effect  of  such  industry  support  for  college 
training  programs  is  being  felt  all  along  the  front 
of  American  education.  The  agriculturd  products 
processing  industries,  through  their  interest  in  col¬ 
lege  training  programs,  have  done  more  to  improve 


the  quality  of  instruction  in  this  field  than  could 
have  been  accomplished  by  a  century  of  pleading  by 
staff  members  and  college  administrative  officers. 
The  same  can  be  said  for  several  fields  of  engineer¬ 
ing,  for  business  administration,  and  other  training 
specializations.  It  is  high  time  that  the  wood¬ 
processing  and  merchandising  groups  increase  their 
efforts  along  this  line  if  we  are  to  improve  our  most 
important  instructional  element — the  professor. 

Many  papers  have  been  written  on  the  quality  of 
the  students  attracted  to  these  college  training  pro¬ 
grams.  In  general,  the  quality  has  been  only  fair. 
There  have  been  outstanaing  individuals  to  be  sure, 
but  the  average  has  probably  been  lower  than  for 
such  fields  as  mechanical  and  electrical  engineering, 
medicine,  and  possibly  even  the  agricultural  prod- 
ucts-processing  field.  Too  few  students  enter  directly 
into  these  programs.  They  come  in  after  they  have 
started  in  other  fields  and  have  by  some  means 
gained  an  acquaintance  with  the  opportunities  in 
wood-products  processing  and  merchandising.  The 
correction  of  this  weakness  is  the  joint  responsibility 
of  industry  and  the  schools.  That  it  can  be  accom¬ 
plished  is  indicated  by  the  improvement  in  student 
quality  achieved  when  industries  have  joined  with 
schools  in  publicising  training  programs,  employ¬ 
ment  objectives,  and  employment  opportunities. 
Here  is  a  challenge  to  the  wood  processing  and 
merchandising  industry,  a  challenge  that  it  has 
attempted  to  meet  in  piece-meal  fashion  in  the  past 
and  with  promising  but  limited  results. 

Summaty 

Developments  in  college  training  for  the  wood¬ 
processing  and  merchandising  fields  have  progressed 
rapidly  since  World  War  II. 

There  have  been  outstanding  gains  in  laboratory 
facilities  at  many  institutions,  added  attention  to 
course  offerings,  and  some  improvement  in  teaching 
staffs. 

Several  industry  associations  and  a  number  of 
manufacturers  have  developed  greater  interest  in 
and  have  given  support  to  the  programs  in  several 
institutions.  These  developments,  although  encour¬ 
aging,  have  fallen  far  short  of  the  need. 

The  important  problems  facing  most  schools  in 
the  further  development  of  these  training  programs 
are  not  only  the  need  for  added  space  and  equip¬ 
ment,  important  as  these  items  are.  They  are  rather 
the  problems  of:  (1)  Attracting  and  holding  staff 
members  with  experience,  imagination,  and  ability 
to  teach;  and  (2)  attracting  more  high  quality  stu¬ 
dents  through  cooperative  effort  with  industry. 
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Discussion 

Newell  A.  Norton  (Pennsylvania  State  College)  : 
What  complications  with  regard  to  labor  unions  do 
wood-processing  plants  face  when  considering  the 
employment  of  students  for  summer  work,  through 
which  students  can  gain  badly  needed  experience? 

Mr.  Kaufert:  In  some  plants  the  labor  union  situ¬ 
ation  is  such  that  students  cannot  be  employed  even 
for  summer  work.  Many  employers  have  worked 
out  satisfactory  arrangements  with  imions  on  this 
point  and  these  permit  student  employment  as 
trainees.  In  some  plants  the  students  must  join  the 
union  in  order  to  be  employed.  This  is  still  a  very 
difficult  and  knotty  question  for  which  there  is  no 
single  answer.  Its  solution  is  essential  to  the  success 
of  industry  training  programs  and  is  the  joint 
responsibility  of  management,  labor  unions  and 
educators. 

C.  D.  Dosker  (Gamble  Brothers) :  The  question 
posed  by  Mr.  Norton  does  present  some  complica¬ 
tions  in  some  plants  that  are  unionized.  In  most 
cases,  however,  management  in  its  dealings  with 
the  union  can  overcome  this  problem.  It  becomes 
serious  only  when  college  students  are  taken  as  a 
replacement  for  union  membership,  resulting  in  lay¬ 
offs  in  order  to  take  on  students.  Wise  management 
will  not  let  this  happen.  While  it  is  not  possible  in 
all  plants,  many  plants  and  most  unions  recognize 
the  value  of  training  programs  of  this  kind. 

Mr.  X:  How  much  attention  do  prospective 
employers  give  to  grades  or  scholastic  records  when 
considering  employment  of  college  graduates? 

Dr.  Kaufert;  Except  in  cases  where  employers 
want  men  for  special  research  assignments,  they  pay 
relatively  little  attention  to  grades  or  scholastic 
record.  They  are,  and  I  believe  they  should  be, 
more  interested  in  a  graduate’s  personality,  cooper¬ 
ativeness,  willingness  to  work,  enthusiasm,  and 
other  personal  qualifications.  However,  I  would 
qualify  my  answer  to’  say  that  prospective  employ¬ 
ers  certainly  are  interested  in  knowing  that  a  stu¬ 
dent  has  done  average  or  better  than  average  work 
in  his  courses. 

Mr.  Crawford:  We  always  try  to  hire  men  with 
high  scholastic  averages,  as  they  must  compete  with 


the  same  men  in  business  that  he  has  been  compet¬ 
ing  with  in  college.  There  is  no  substitute  for  the 
ability  to  think,  which  is  expressed  in  scholastic 
records. 

Mr.  X:  Is  it  possible  to  develop  more  of  the 
industry  sponsored  factory-classroom  training  pro¬ 
grams  such  as  the  one  conducted  by  the  University 
of  Michigan  in  cooperation  with  Grand  Rapids 
furniture  industries? 

Dr.  Kaufert;  Added  programs  of  this  nature  in 
several  other  fields  of  wood  utilization  are  in  the 
process  of  being  developed  at  other  universities. 
With  both  the  universities  and  industries  interested 
in  developing  this  type  of  program,  progress  should 
be  much  more  rapid  in  the  future. 

Mr.  Dosker:  I  believe  it  is  definitely  possible  to 
develop  closer  cooperation  between  educational  in¬ 
stitutions  and  industry  in  cooperative  training  eflFort. 
The  work  done  by  the  University  of  Michigan  is 
outstanding  in  this  connection.  I  believe  such  a  pro¬ 
gram  could  be  accomplished,  especially  where  the 
forestry  schools  are  within  reasonable  distance  of 
wood-using  industries.  Such  industrial  contact  on 
the  part  of  the  student  is  bound  to  produce  greater 
interest  in  his  work. 

Mr.  X:  Should  basic  course  work  in  the  biolog¬ 
ical,  natural,  and  social  sciences  be  reduced  and  a 
greater  amount  of  time  be  devoted  to  applied 
courses? 

Dr.  Kaufert:  In  my  opinion  we  should  not  reduce 
(he  basic  science  and  social  science  courses  in  order 
to  make  room  for  more  applied  courses.  To  do  so 
tends  to  make  university  training  programs  similar 
to  those  of  vocational  schools.  We  should  strengthen 
our  basic  course  program  and  not  weaken  it. 

A.  J.  Panshin  (Michigan  State  College) :  It  de¬ 
pends  on  what  is  meant  by  applied  courses.  No 
work  in  biology  and  in  physical  and  social  sciences 
should  be  sacrificed  in  favor  of  applied  courses  of 
a  vcKational  nature.  If,  on  the  other  hand,  by 
applied  courses  is  implied  training  in  engineering 
on  the  college  level,  such  courses  should  be  given 
proper  emphasis  along  with  the  basic  sciences,  if 
well  rounded  technical  training  in  the  field  of  wood 
technology  is  to  be  achieved. 


Graduate  Training  in  Forest  Products  Technology 


E.  S.  HarraR,  School  of  Forestry,  Duke  University 


The  training  of  forest  products  technologists  is  no  longer  a  minor  hy-product  of  professional  forestry  training.  The 
recognition  of  this  faa  suggests  expansion  and  improvement  m  the  technologist’s  training  to  prepare  him  better  tor  his 
ultimate  employment.  'The  master’s  degree  and  the  doaorate  each  has  its  own  value  for  fitting  voung  men  for  profes¬ 
sional  work  in  the  forest  produas  industries.  A  serious  lack  is  industry-sponsored  fellowships  and  assistantsfaips  on  a 
scale  common  in  other  industries. 


Introduction 

ONE  cannot  discuss  graduate  training  in  forest 
products  technology  without  first  evaluating 
the  existing  undergraduate  curricula  in  this  field, 
for  it  is  here  that  the  foundations  are  laid  upon 
which  advanced  study  and  research  are  anchored. 

It  is  only  natural  that  instruction  in  wood  tech¬ 
nology  and  wood  utilization  should  have  had  its 
inception  in  the  schools  of  forestry.  Initially,  such 
studies  enjoyed  only  a  minor  position  in  the  cur¬ 
riculum  and  were  incidental  to  the  primary  task  at 
hand — that  of  training  professional  foresters.  Rapid 
technological  advancements  in  the  harvesting,  sea¬ 
soning,  and  conversion  of  wood  into  a  host  of  sale¬ 
able  commodities,  during  the  past  two  decades,  gave 
material  impetus  to  the  creation  of  new  and  the 
expansion  of  existing  curricula  in  forest  products 
technology.  With  but  few  notable  exceptions,  how¬ 
ever,  these  foster  children  of  the  professional  for¬ 
estry  schools  are  still  encumbered  with  many  of  the 
disciplines  of  production  forestry  non-essential  to 
the  training  of  men  for  employment  in  technical 
phases  of  the  wood-working  industries. 

That  the  training  of  forest  products  technologists 
is  a  distinct  and  separate  endeavor,  and  one  no 
longer  tied  to  the  apron  strings  of  professional 
training  in  forestry,  is  now  readily  acknowledged  by 
no  less  an  authoritative  body  than  the  Society  of 
American  Foresters.  By  enforcement  of  its  recently 
adopted  by-law  5,  membership  into  this  Society  is 
denied  to  all  graduates  in  forest  products  curricula 
from  no  less  than  12  of  the  23  accredited  schools. 
Many  have  viewed  this  sudden  turn  of  events  with 
alarm  because  its  impact  has  not  been  as  yet  fully 
realized.  Is  this  not  real  recognition  of  the  place  of 
forest  ^products  technology  training  in  our  schools? 
Have  not  the  schools  been  given  freedom  of  action 
to  reevaluate,  strengthen  and  replace  non-essentials 
with  needed  fundamentals  in  the  undergraduate 
forest  products  technology  curricula?  If  the  answer 
to  both  of  the  questions  is  in  the  affirmative,  then 
careful  consideration  should  be  given  to  the  quanti¬ 
tative  needs  for,  and  inclusion  of  advanced  instruc¬ 
tion  in  mathematics,  chemistry,  and  physics,  selected 
courses  in  mechanical  and  industrial  engineering. 


electronics,  time  and  motion  studies  and  technical 
writing.  A  curriculum  embracing  disciplines  such  as 
these,  carefully  integrated  with  sound  training  in 
the  technical  properties  of  wood  and  their  industrial 
applications,  would  result  in  the  production  of  men 
much  better  prepared  for  industrial  employment. 
Such  an  undergraduate  program  would  also  provide 
a  solid  foundation  from  which  to  launch  graduate 
training  in  specialized  and  highly  technical  phases 
of  forest  products  technology. 

Values  of  Graduate  Training 

Graduate  training  in  forest  products  technology 
has  two  principal  objectives.  The  first  of  these  is  to 
grant  qualified  college  graduates  of  high  scholastic 
achievement  an  opportunity  to  pursue  coordinated 
and  carefully  planned  programs  of  advanced  study 
directed  toward  specialized  fields  of  interest.  The 
second  is  to  foster  and  promote  research,  both  in  the 
pure  and  applied  aspects  of  the  science. 

The  values  to  be  derived  from  graduate  study  are 
by  no  means  restricted  to  the  assimilation  of 
knowledge.  Unfortunately,  however,  other  aspects 
of  such  training  are  somewhat  intangible,  and  do 
not  appear  on  the  students’  transcripts  of  record. 
Thus,  only  too  often,  they  are  neither  recognized 
nor  their  importance  fully  appreciated. 

The  graduate  student,  unlike  the  undergraduate 
who  is  carefully  nurtured  through  four  years  of  pre¬ 
scribed  course  work,  spends  an  ever  increasing 
amount  of  his  time  working  independently  of 
others.  He  is  encouraged  in  logical  and  creative 
thinking,  and  while  he  is  frequently  councilled,  he 
must  develop  initiative  and  resourcefulness.  In  fact, 
his  success  or  failure  in  graduate  pursuits  is  largely 
dependent  upon  his  personal  achievements,  and  the 
judgment  he  exhibits  in  the  planning,  development, 
and  execution  of  his  work. 

An  all  too  common  criticism  leveled  at  today’s 
college  and  university  graduates,  and  particularly  at 
those  engaged  in  technical  endeavors,  is  that  of 
their  inability  to  write  even  the  simplest  of  reports. 
It  is  a  sad  commentary,  yet  no  less  valid,  that  many 
undergraduates  have  never  been  made  to  understand 
or  to  appreciate  fully  the  necessity  for  mastering  the 
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rudiments  of  good  English  composition.  In  most 
graduate  training  programs  in  forest  products  tech¬ 
nology,  the  student  is  required  to  submit  a  thesis 
prepared  by  himself  and  based  upon  some  original 
study  or  piece  of  research.  In  the  fulfillment  of  this 
requirement  he  is  trained  in  the  orderly  procedures 
of  amassing,  analysing,  interpreting,  and  evaluating 
data.  But  what  may  be  of  equal  importance,  during 
the  preparation  of  the  manuscript  he  is  not  only 
schooled  in  logical  and  interrogative  thinking,  but 
impressed  with  the  necessity  for  clarity  and  precise¬ 
ness  of  expression,  technical  accuracy  of  description, 
and  proper  sequential  arrangement  of  the  material 
presented.  While  the  completed  thesis  itself  may 
represent  only  a  minor  contribution  to  knowledge, 
a  not  too  uncommon  feature  of  master’s  theses,  the 
experience  gained  in  being  made  to  report  the  re¬ 
sults  of  his  efforts  in  a  style  and  form  acceptable 
for  publication,  will  prove  of  immeasurable  value  to 
him  in  his  professional  career. 

Forums  and  seminars  are  common  and  useful 
tools  in  graduate  training.  Active  participation  in 
functions  of  this  sort  materially  aids  a  student  in 
overcoming  his  timidity  in  appearing  before  an 
audience.  In  making  several  such  appearances  dur¬ 
ing  his  period  of  training,  he  develops  poise,  self- 
assurance,  and  a  modicum  of  speaking  ability. 

Upon  the  successful  completion  of  his  graduate 
studies,  the  student  is  ordinarily  qualified  to  enter 
into  a  somewhat  more  advanced  level  of  employ¬ 
ment  above  that  normally  available  to  those  holding 
only  a  baccalaureate  degree.  Experience  has  revealed 
that  he  is  also  better  prepared  to  accept  responsi¬ 
bilities  entrusted  to  him  and  to  execute  his  duties 
with  a  high  degree  of  proficiency. 

Training  at  the  Master’s  Degree  Level 

The  programs  of  study  offered  by  16  of  our 
schools  of  forestry  leading  to  a  master’s  degree  in 
forest  products  technology  are  nigh  indefinable. 
They  run  the  gamut  from  what  may  w^ell  be  de¬ 
scribed  as  a  post-graduate-in-course  program  cover¬ 
ing  a  wide  selection  of  subjects,  but  in  which  no 
thesis  and  a  minimum  of  laboratory  work  is  re¬ 
quired,  to  one  that  is  highly  specialized  in  a  narrow 
sphere  of  interest  and  in  which  the  major  emphasis 
is  placed  on  research.  This  situation  is  by  no  means 
peculiar  to  forest  products  technology  training, 
however,  but  occurs  quite  universally  in  several 
other  fields  of  endeavor.  The  desirable  balance  be¬ 
tween  advanced  course  work  and  research  in  forest 
products  technology  training  at  the  master’s  level 
has  never  been  defined,  nor  probably  can  it  be. 
Laboratory  facilities,  library,  available  equipment, 
the  nature  and  quality  of  work  offered  by  support¬ 
ing  departments  of  the  parent  institution,  and  limi¬ 
tations  of  the  teaching  staff  in  time,  numbers,  and 
experience,  logically  dictate  the  sort  and  kind  of 
programs  that  may  be  reasonably  offered  within  any 
one  school. 


In  its  modern  dress,  the  master's  degree,  even  in 
the  natural  and  physical  sciences,  fundamentally  is 
not  a  research  degree.  Rather  it  connotes  advanced 
study  in  a  narrow  or  specialized  sphere  of  learning, 
and  represents  a  level  of  scholarly  or  professional 
attainment.  It  is  this  writer’s  firm  conviction,  how¬ 
ever,  that  becau.se  of  the  training  and  disciplines  in¬ 
volved,  basic  aspects  of  research  should  be  empha¬ 
sized,  and  the  preparation  of  a  thesis,  even  if  based 
on  the  results  of  but  a  small  independent  study, 
should  be  a  universal  requirement  for  all  students 
pursuing  work  in  forest  products  technology  leading 
to  the  attainment  of  the  master’s  degree.  Moreover, 
laboratory  and  field  work  should  also  have  a  domi¬ 
nant  position  in  such  programs  in  order  that  theory 
may  be  correlated  with  application  wherever  and 
whenever  possible. 

Summarily,  graduate  training  at  the  master’s  level 
may  well  serve  both  as  a  foundation  and  a  stepping 
stone  for  study  leading  to  the  doctorate.  In  the  ad¬ 
ministration  of  such  programs,  however,  the  prin¬ 
cipal  objective  should  be  that  of  training  men  for 
technical  careers  in  the  woodworking  industries,  and 
to  prepare  them  to  meet  more  completely  and  effi¬ 
ciently  the  demands  made  of  them  in  the  daily  per¬ 
formance  of  their  responsibilities,  be  they  in  pro¬ 
duction,  procurement,  sales  and  service,  quality  con¬ 
trol,  research  and  development,  or  in  other  assign¬ 
ments. 

The  Doctorate  in  Forest  Products  Technology 

The  doctorate  is  essentially  a  research  degree.  It 
is  not  based  upon  the  completion  of  a  prescribed 
period  of  study  involving  numerous  highly  special¬ 
ized  courses,  but  rather  upon  evidence  of  high  scho¬ 
lastic  achievement  in  a  special  field  of  knowledge 
and  the  production  of  a  scholarly  dissertation 
embodying  the  results  of  original  research. 

Graduate  training  leading  to  the  doctorate  with  a 
major  in  one  of  the  more  highly  scientific  aspects 
of  forest  products  technology  is  offered  by  six  of 
the  nation’s  schools  of  forestry.  Candidates  for  this 
sort  of  training  are  not  numerous.  Those  completing 
their  programs  of  study  have  found  gainful  posi¬ 
tions  with  federal,  state  and  private  research  and 
development  laboratories,  experiment  stations,  the 
pulp  and  paper,  wood  preservation,  synthetic  fiber 
and  plastics  industries,  and  in  combined  programs 
of  teaching  and  research  at  the  college  level.  On  the 
other  hand,  within  the  industries  using  wood  per  se, 
there  has  been  little  or  no  effort  on  the  part  of 
management  to  bring  into  the  organization  experi¬ 
enced  and  thoroughly  trained  men  with  product  and 
process  research  as  their  objective. 

Research 

Each  year  the  automotive,  meatpacking,  ceramic, 
pharmaceutical,  chemical,  electrical  and  electronic, 
and  the  light  and  heavy  metals  industries,  to  men¬ 
tion  but  a  few,  provide  many  thousands  of  dollars 
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for  subsidizing  pure  and  applied  research  in  the 
American  colleges  and  universities.  These  funds  are 
usually  allotted  in  the  form  of  scholarships,  fellow¬ 
ships,  research  assistantships,  and  even  post-docto- 
rate  grants,  and  commonly  include  liberal  contin¬ 
gents  to  cover  incidental  expenses. 

The  recipients  of  these  awards,  graduate  students 
of  proven  scholastic  ability,  are  selected  on  a  com¬ 
petitive  basis.  Under  the  guidance  of  experienced 
and  qualified  leadership,  they  are  expected  to  devote 
a  portion  of  their  program  to  the  pursuit  and  exe¬ 
cution  of  a  research  project  in  the  sponsor’s  field, 
the  results  of  which  may  be  embodied  in  a  thesis  or 
dissertation  and  submitted  to  a  faculty  in  partial 
fulfillment  of  the  requirements  for  a  degree.  In 
numerous  instances,  funds  of  this  sort  are  provided 
for  specific  projects,  while  in  other  cases  only  the 
general  field  of  study  is  stipulated,  the  actual  selec¬ 
tion  of  a  problem  being  left  to  the  discretion  of  an 
advisory  committee. 

But  let  it  not  be  said  that  the  disbursement  of 
moneys  such  as  these  represents  a  generous  philan¬ 
thropic  gesture.  Rather  it  is  full  recognition  of  the 
utility  of  research  as  a  tool  in  product  and  process 
development  and  a  modest  investment  in  cash  which 
is  often  returned  ten-fold. 

In  view  of  the  experiences  of  these  industries, 
and  their  recognition  of  the  returns  to  be  derived 
from  diverting  a  small  part  of  income  to  the  pro- 
.  motion  of  research,  it  is  difficult  to  account  for  the 
apparent  apathy  on  the  part  of  most  wood  using 


industries  to  habilitate  similar  programs,  geared  to 
their  respective  needs.  Perhaps  management  is  labor¬ 
ing  under  the  misapprehension  that  the  training  of 
professional  foresters  is  still  the  principal  occupa¬ 
tion  of  forestry  schools.  If  so,  then  we  have  been 
most  dilatory  in  making  it  generally  known  to  in¬ 
dustry,  that  today,  instruction  and  research  in  forest 
products  technology  at  the  graduate  level  constitutes 
a  major  field  of  specialization  in  the  curricula  in 
many  of  our  institutions. 

The  creation  of  a  substantial  number  of  fellow¬ 
ships  and  research  assistantships  by  the  forest  prod¬ 
ucts  industries  would  serve  several  useful  purposes. 
First,  it  would  furnish  an  incentive  for  capable 
young  men,  who  might  otherwise  be  directed  into 
other  channels  of  learning,  to  pursue  graduate 
training  with  the  view  toward  a  technical  or  admin¬ 
istrative  career  in  industry.  Second,  it  would  assure 
a  small  but  steady  output  of  technically  trained  men, 
many  of  them  of  potential  management  calibre. 
Third,  it  would  provide  an  inexpensive  means  for 
inaugurating  research  projects  of  either  short  or 
long  duration  which,  within  an  organization,  would 
be  incapable  of  initiation  because  of  inadequate 
research  facilities  and  manpower  requirements.  And 
finally,  it  would  make  for  closer  liaison  between  the 
industries  and  the  schools.  A  more  sympathetic 
understanding  of  each  others  problems  would  be 
effected,  and  in  turn  reflected  in  the  trainees’  better 
appreciation  of  industrial  problems,  needs,  attitudes, 
and  points-of-view. 


Discussion 

Thomas  D.  Perry  (Engineer) :  Is  there  a  swing 
from  technical  to  non-technical  employees  in  wood¬ 
using  industries,  and  are  colleges  leaning  to  trade 
sc  hools  ? 

Mr.  Harrar:  Our  School  of  Forestry  operates  only 
at  the  graduate  level,  and  Duke  accepts  students 
from  liberal  arts  and  technical  schools.  Liberal  arts 
students  of  broad  interest  often  progress  most  rap¬ 
idly  because  of  their  training  in  the  basic  sciences. 
The  teachers’  job  is  to  teach  men  to  teach  them¬ 
selves,  but  without  a  good  sound  training  in  funda¬ 


mentals,  the  capacity  of  a  student  to  handle  ad¬ 
vanced  study  is  limited.  It  is  my  personal  opinion 
that  there  is  a  minimum  of  "trade  school  courses’’ 
in  the  curricula,  and  that  there  is  no  tendency  to 
increase  them. 

Frederick  F.  Wangaard  (Yale  University) :  I 
haven’t  found  any  marked  difference  in  the  advance¬ 
ment  of  technical  and  non-technical  students. 

A.  /.  Panshin  (Michigan  State  College):  It  is 
happening  but  it  doesn’t  have  to.  Michigan  State 
is  trying  to  adjust  curricula  to  the  needs  of  industry 
and  provides  time  for  East  Lansing,  Michigan, 
electives. 


What  Does  the  . Forest  Products  Industry  Expect  from 
College-Trained  Men? 


Geo.  L.  Drake,  Administrative  Vice  President,  Simpson  Logging  Company,  Shelton,  Washington 


The  praaical  approach  to  this  question,  it  seems  to  me,  is  first  to  set  forth  what  the  forest  products  industry  expects 
of  the  young  college  graduate  and  then  to  point  out  how  the  schools  can  attempt  to  meet  these  expeaations,  and  send 
out  graduates  prepared  to  fill  the  needs  of  industry. 

The  following  are  essential  for  the  success  of  the  college  ^aduate  in  the  forest  products  industry:  1.  To  be  prac¬ 
tical.  2.  To  have  an  interest  in  a  future  for  private  industry.  3.  To  have  ability  to  get  along  with  people.  4.  To  have 
ability  to  express  ideas  clearly.  5.  To  have  ability  to  analyze  a  problem  and  to  know  where  to  find  the  answer.  6.  To 
have  a  sound  foundation  of  {^ysical  laws  and  the  fundamental  nature  of  wood.  7.  To  have  a  sound  knowledge  of  cost 
control  and  statistics. 


This  doesn’t  read  much  like  the  average  college 
curriculum,  but  I  will  attempt  to  explain  the 
importance  of  these  points  and  how,  in  the  judg¬ 
ment  of  many  of  us  in  the  industry,  they  affect  the 
future  of  the  graduate. 

1.  To  Be  Practical 

The  forest  products  industry,  as  it  exists  today, 
has  evolved  over  a  period  of  many  years.  This  evo¬ 
lution  has  developed  a  practical  way  to  manufacture 
many  useful  items  of  commerce.  Wood  is  a  com¬ 
plex  material,  and  present  methods  for  its  use  seem 
at  times  outdated;  yet  careful  investigation  almost 
always  shows  factors  which  indicate  the  method  to 
be  a  desirable  one.  The  forest  products  industry  is 
one  where  a  little  knowledge  could  be  dangerous, 
whether  in  research,  production,  or  sales.  Practical 
experience  is  a  necessary  adjunct  to  "book  lamin’’, 
and  it  is  hard  to  determine  w’here  to  place  the 
emphasis. 

Young  men  preparing  for  the  forest  products 
industry  should  get  the  maximum  of  practical  ex¬ 
perience  during  their  college  years.  They  should 
look  for  jobs  where  they  will  work  with  tools  and 
w'ith  men.  Fire  lookout  jobs  may  be  fine  for  a  week 
or  tw’o  but  they  certainly  do  not  give  opportunity 
for  as  much  practical  experience  as  work  in  a  plant 
or  in  a  laboratory.  There  is  always  the  temptation 
to  seek  the  job  which  offers  the  most  money,  rather 
than  the  one  with  less  pay  but  with  more  opportu¬ 
nity  for  practical  experience  which  might  be  helpful 
towards  the  life  work  chosen;  but  it  is  wiser  to  sac¬ 
rifice  these  few  extra  dollars  at  the  outset  and  keep 
in  mind  the  greater  gains  in  the  future.  It  is  this 
practical  experience  which  prospective  employers 
check  into  when  considering  men  for  a  job. 

It  would  be  w'ell  for  the  schools  to  impress  on 
their  students  the  value  of  practical  experience.  The 
dean,  or  someone  he  may  delegate,  should  make  it 
a  point  to  get  close  to  these  young  men  and  try  to 
guide  them  along  right  lines  of  thinking.  In  this 
connection  I  feel  that  one  of  the  problems  of  our 


schools  in  training  men  for  the  forest  products  in¬ 
dustry  is  to  get  men  on  the  faculty  who  have  a  back¬ 
ground  of  practical  experience.  There  is  no  substi¬ 
tute  for  it.  The  soundness  of  teaching  and  the  help 
that  can  be  given  to  students  depend  to  some  extent 
on  the  practical  backgrounds  of  the  faculty. 

A  serious  need  exists  for  more  men  trained  spe¬ 
cifically  for  the  forest  products  industry.  The  in¬ 
dustry  is  becoming  more  complex  and  will  continue 
to  do  so.  This  requires  technically  trained  men  to 
fill  positions  of  responsibility.  At  present,  most  of 
the  needs  of  industry  are  being  filled  by  chemists 
and  various  categories  of  engineers,  rather  than  by 
men  trained  specifically  for  the  field.  Until  the  edu¬ 
cational  institutions  recognize  the  need  for  people 
trained  in  this  field,  the  industry  will  have  to  carry 
a  part  of  the  educational  load. 

2.  Interest  in  a  Future  for  Private  Industry 

This  point  may  seem  far  off  the  beam  and  prob¬ 
ably  would  have  been  twenty  years  ago.  But  with 
the  many  philosophies  floating  around  today,  in¬ 
dustry  is  definitely  interested  in  this  point.  A  man 
who  believes  that  all  industry  should  be  owned  or 
controlled  by  the  government  is  not  going  to  have 
his  heart  in  the  job.  He  must  realize  that  the  only 
way  private  industry  lives  is  by  having  a  favorable 
balance  sheet,  since  industry  cannot  depend  upon 
the  taxpayejs  to  make  up  deficits.  When  a  man 
appears  to  be  more  interested  in  when  his  "social 
security”  starts  than  in  the  work  he  is  to  do,  we  lose 
interest  in  him  fast.  We  are  more  interested  in  the 
man  who  is  thinking  of  the  possibilities  of  the 
future  and  who  realizes  that  his  own  future  is  more 
or  less  what  he  himself  makes  it. 

3.  Ability  to  Get  Along  With  People 

It  may  sound  afield  to  list  as  a  qualification  this 
elemental  point,  as  everybody  realizes  it  is  nice  to 
have  the  ability  of  getting  along  with  people — even 
with  your  wife  or  secretary.  The  reason  I  am  listing 
this  as  an  essential  point  is  that  no  other  industry 
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depends  more  on  the  good  will  of  the  people  it 
lives  and  works  with.  All  the  fine  plans  of  long¬ 
time  forest  management,  on  which  the  end  forest 
products  industry  depends,  can  be  weakened  through 
poor  public  relations  in  the  local  area.  All  our  re¬ 
sources  lie  out-of-doors  in  plain  sight  of  the  public, 
including  the  assessor;  and  since  the  settlement  of 
America,  forest  lands  have  been  looked  on  as  the 
sportsmen’s  hunting  ground.  And  today  we  have 
the  recreationist  equally  interested  in  our  lands. 
For  that  reason  it  is  essential  that  the  men  close  to 
the  public,  such  as  a  forester  for  instance,  must  be 
able  to  make  friends  rather  than  enemies. 

Furthermore,  inasmuch  as  the  young  graduate  is 
more  or  less  on  trial  by  his  employers  and  fellow 
w’orkmen  in  many  places,  whether  he  is  the  type 
men  like  to  work  with  or  for,  will  have  considerable 
effect  on  his  success  and  his  worth  to  the  company. 
True,  there  may  be  some  jobs  where  the  man  works 
by  himself,  but  in  the  main  he  is  going  to  be  thrown 
with  other  people;  and  to  enjoy  other  human  beings 
is  a  distinct  advantage. 

4.  Ability  to  Express  Ideas  Clearly 

It  is  recognized  that  this  is  an  important  factor 
in  many  lines  of  business,  but  it  is  particularly  true 
in  the  forest  products  profession.  The  forest  prod¬ 
ucts  industry  is  a  complex  one  and  business  organ¬ 
izations  are  generally  large.  Top  management  can¬ 
not  personally  obtain  all  its  information  but  has  to 
depend  on  the  reports  of  others.  Many  times  it  is 
the  job  of  the  graduate  to  make  these  reports.  If 
they  are  accurate,  thorough  and  clear-cut,  they  will 
be  of  the  utmost  value  to  the  head  office.  If  the  man 
does  a  sloppy  job,  little  confidence  will  develop  in 
his  work.  'The  same  holds  true  of  the  day-by-day 
accounts  of  his  work. 

We  old-timers  feel  there  has  been  a  letting  down 
in  emphasis  on  seeing  that  men  learn  to  express 
themselves  clearly  and  to  write  good  reports  before 
they  leave  our  colleges.  We  feel  there  should  be  a 
return  to  the  early  rule  of  "unity,  coherence  and 
emphasis”  as  the  basis  of  good  English.  And  it 
might  be  a  good  idea  to  add  a  course  in  report  writ¬ 
ing  to  the  curriculum.  If  this  sounds  trivial,  sit  in 
any  executive’s  chair  and  read  the  poorly  thought- 
out  reports  that  come  from  college  men,  and  see  the 
time  and  effort  it  takes  to  get  them  to  bring  out  all 
the  necessary  facts  clearly. 

5.  Ability  to  Analyze  a  Problem  and  Know 

”  Where  to  Find  Answers 

No  one  expects  the  young  college  graduate  to 
know  the  answer  to  every  problem  which  arises,  but 
he  should  be  able  to  define  what  the  problem  is  and 
know  where  he  can  find  the  material  to  supply  the 
answer. 

Ability  to  solve  problems  depends  to  some  extent 
on  the  type  of  training  given  in  school.  If  the  indi¬ 
vidual  has  merely  listened  to  lectures  and  has  huH 


reference  books  to  read,  without  finding  out  "why 
is  this  so”,  he  will  be  handicapped  when  faced  with 
actual  problems.  The  man  who  has  formed  the  habit 
of  inquiring  into  things  is  the  one  we  are  looking 
for.  In  this  day  of  radio  and  television  there  is  too 
much  tendency  to  be  satisfied  with  superficial  knowl¬ 
edge  gained  visually  or  from  hearing — probably 
aided  by  "singing  commercials” — and  not  enough 
real  studying. 

Along  with  books  of  standard  tables,  etc.  there  is 
an  increasing  volume  of  literature  on  various  phases 
of  the  lumber  industry,  and  such  outside  reading  is 
of  definite  value.  We  in  the  industry  get  many  ideas 
from  our  trade  journals. 

You  may  think  that  I  have  gone  a  long  way  from 
the  subject  assigned  me.  It  is  true,  but  I  do  feel 
deeply  that  these  things  have  much  to  do  with  the 
success  or  'failure  of  the  young  graduate,  at  least 
during  the  formative  years  of  his  employment.  Some 
of  these  seemingly  trivial  things  can  put  him  behind 
the  eight-ball,  and  it  means  special  effort  on  the 
part  of  his  employer  if  he  is  to  be  straightened  out. 
Employers  are  busy  men  who  have  other  jobs  to  do. 
Industry  feels  that  it  lies  within  the  power  of  the 
school  faculty  to  see  that  a  young  man  gets  the 
proper  slant  on  these  points  which  may  prove  as 
important  as  some  particular  phase  of  his  technical 
education. 

6.  A  Sound  Foundation  of  Physical  Laws  and 
the  Fundamental  Nature  of  Wood 

The  major  emphasis  in  forest  products  education 
should  be  placecl  on  a  firm  foundation  of  general 
knowledge.  The  tendency  to  narrow  fields  of  spe¬ 
cialization  is  deplorable.  The  rapid  expansion  of  the 
industry  into  many  new  fields,  many  of  them  with¬ 
out  any  available  knowledge  or  previous  experience, 
should  readily  point  out  the  fallacies  of  a  narrow- 
specialized  education.  Industry  needs  men  with 
vision  which  is  backed  up  with  a  good  allround 
knowledge  of  wood.  Obviously  our  problems  in  the 
Douglas  fir  region  are  vastly  different  than  those  of 
other  areas — yet  must  depend  upon  the  same  educa¬ 
tional  sources  for  our  men.  The  ability  to  think 
logically  is  mandatory  and  can  best  be  instilled  in 
the  student  by  a  general  technical  course  rather 
than  a  highly  specialized  one. 

7.  Knowledge  of  Cost  Control  and  Statistics 

"Cost  figures  are  a  sharp-edged  tool  that  may  be 
used  for  many  purposes.  In  the  final  analysis  they 
reveal  whether  or  not  one  is  doing  the  job  effi¬ 
ciently.”  Business  is  carried  on  to  make  money  and 
the  work  done  by  the  graduate  will  ultimately  be 
judged  upon  an  economic  basis. 

Consequently,  industry  looks  with  favor  on  the 
introduction  of  cost  accounting  courses  in  our  col¬ 
leges.  Recognized  methods  of  specialized  account¬ 
ing  as  well  as  general  tusiness  accounting  are  being 
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developed,  and  the  man  with  a  good  understanding 
of  this  subject  is  far  better  equipped  than  we  old- 
timers  who  did  not  have  this  advantage. 

Wood  involves  statistical  work.  This  is  true 
whether  in  connection  with  living  trees  or  the  prod¬ 
ucts  made  from  them.  A  good  knowledge  of  sta¬ 
tistical  methods  is  very  desirable,  as  we  have  found 
it  the  only  practical  solution  to  many  problems  in 
the  industry.  In  research,  for  example,  it  is  some¬ 
times  the  only  method  available  for  setting  up  ex¬ 
periments  and  analyzing  data.  The  forestry  schools 
have  recognized  the  usefulness  of  this  very  versatile 
tool,  but  unfortunately  our  other  technical  courses 
have  not.  Statistical  methods  make  simple  so  many 


complex  problems  that  their  importance  cannot  be 
overemphasized. 

If  these  courses  are  not  required,  they  should  cer¬ 
tainly  be  recommended  to  all  men  preparing  for  pri¬ 
vate  industry — regardless  of  the  line  of  work  a  man 
takes  up,  they  will  stand  him  in  good  stead. 

The  colleges  can  better  prepare  their  graduates 
for  work  in  private  industry  or  for  any  other  life 
work  their  men  may  take  up  if  in  addition  to  their 
technical  training  they  emphasze  the  fact  that  tech¬ 
nical  knowledge  alone  is  not  the  sole  key  to  success, 
but  that  with  it  must  go  the  age-old  virtues  which 
can  be  summed  up  as  common  sense  and  faith  in 
your  fellow  man. 


Discussion 

Mr.  X:  Why  is  it  essential  that  a  man  be  able  to 
analyze  a  problem  or  to  know  where  to  find  the 
answer? 

Mr.  Drake:  The  type  of  men  being  discussed  is 
that  to  which  the  industry  looks  for  future  leader¬ 
ship.  If  these  men  aren’t  able  to  clearly  analyze  the 
problems  that  will  confront  them  and  know  where 
to  get  sound  knowledge  in  solving  them,  they 
aren’t  the  type  industry  is  looking  for. 

Air.  X:  You  have  listed  seven  essential  require¬ 
ments  that  you  feel  college  men  entering  the  forest 
products  industry  should  have  to  make  a  success  of 
their  lifework.  How  do  you  feel  the  colleges  can 
help? 

Mr.  Drake:  In  my  paper  I  attempted  to  point  out 
seven  essential  requirements,  and  where  the  colleges 
could  help.  I  feel  confident  that  ways  can  be  found 
by  the  schools  to  encourage  men  along  the  lines 
suggested  if  the  school  faculty  recognizes  that  these 
factors  are  just  as  important  as  a  knowledge  of 
silviculture  or  botany. 

Air.  X;  You  speak  of  the  need  of  their  men 
obtaining  practical  experience  during  their  school 
years.  Is  industry  willing  to  give  them  a  chance  to 
gain  this  experience? 

Air.  Drake:  Book  learning  without  practical 
experience  is  not  as  valuable  to  the  student  as  to 
see  how  theory  ties  in  with  practice.  Every  man 
taking  a  technical  course  should  endeavor  to  get 
experience  during  his  college  vacations  in  lines  of 
work  as  close  as  possible  to  that  in  which  he  is 
specializing. 

Even  if  the  particular  job  a  man  would  like  is 
not  available,  there  are  other  jobs  which  will  give 
him  some  degree  of  experience.  For  example,  he 
may  want  to  be  a  logging  engineer  and  cannot  find 


work  with  a  logging  firm  during  his  vacation.  He 
might  be  able  to  get  a  job  on  a  road  construction 
project  in  his  home  township  and  thus  get  some 
practical  experience. 

Mr.  X:  Why  do  you  stress  the  need  for  these 
men  to  be  sympathetic  to  the  principle  of  private 
enterpri.se  ? 

Mr.  Drake:  Today  industry  is  under  attack  by 
many  who  are  not  sympathetic  to  the  principles  of 
private  enterprise,  and  if  a  college  graduate  enters 
private  enterprise  antagonistic  to  the  system  under 
which  he  is  to  work,  he  certainly  is  not  an  asset  to 
his  employer. 

Mr.  X:  Why  is  it  essential  that  a  man  have  the 
ability  to  express  ideas  clearly? 

Mr.  Drake:  The  only  way  a  person  can  convey  to 
another  what  he  knows  of  a  certain  subject  or 
problem  is  either  vocally  or  in  writing,  and  the 
clearer  he  can  put  over  his  ideas  in  language  that 
is  easily  understood,  the  better  he  can  sell  himself. 
What  I  was  trying  to  put  over  to  these  college  boys 
was  the  need  of  expressing  themselves  in  clear  Eng¬ 
lish,  a  subject  being  given  too  little  consideration 
in  their  college  work. 

E.  Sigurd  Johnson  (N.  C.  State  College) ;  Do 
you  feel  that  there  is  a  place  in  technical  education 
for  two  types  of  curricula,  broad  technical  back¬ 
ground  courses  to  create  an  understanding  of  wood 
as  a  raw  material,  and  technical  courses  specifically 
designed  for  a  particular  industry  such  as  furniture 
manufacture. 

Mr.  Drake:  I  feel  that  technical  training  should 
be  supplemented  by  English,  public  speaking,  how 
to  get  along  with  peojjle,  and  other  broad  subjects. 
Schools  need  more  emphasis  on  general  principles 
that  are  fundamental  rather  than  trying  to  solve 
problems  that  are  peculiar  to  an  individual  company. 


Industrial  Orientation  and  On-The-Job  Training  Program 

for  Technical  Employees 

G.  Maurick  Hill,  Manager  of  Production,  Drexel  Furniture  Company,  Drexel,  North  Carolina 

A  considered  and  carefully  organized  plan  is  sec  forth  for  the  orientation  and  training  of  new  employees,  for  the 
training  of  supervisory  employees  in  line  with  modern  responsibilities,  and  for  the  training  of  future  management. 


Introduction 

IVE  years  ago  the  Drexel  Furniture  Company 
went  through  a  major  reorganization  with  major 
changes  in  top  administrative  personnel.  This  change 
came  just  prior  to  the  end  of  World  War  II.  At  that 
time  the  staff  had  been  heavily  depleted  by  the  needs 
of  the  Armed  Forces  and  by  loss  of  personnel  to 
defense  plants.  While  this  situation  was  far  from 
ideal,  it  did  give  the  new  management  an  opportu¬ 
nity  to  look  at  its  organization  in  long  range  per¬ 
spective  and  to  plan  to  rebuild  the  organization  on 
an  effective  basis  with  proper  regard  for  the  basic 
principles  of  good  business  and  industrial  organiza¬ 
tion,  and  the  latest  developments  in  this  field. 

In  making  this  survey  we  came  to  some  definite 
conclusions,  which  have  been  the  basis  for  much 
of  our  thinking  in  our  attempt  to  build  an  organi¬ 
zation,  and  to  develop  a  permanent  plan  for  the 
orientation  and  training  of  our  present  staff,  as  w'ell 
as  new  employees.  While  our  conclusions  will  un¬ 
doubtedly  be  subjected  to  debate  and  differences  of 
opinion  by  other  members  of  our  own  industry,  as 
well  as  related  industries,  they  must  be  stated,  in 
order  to  fully  understand  the  development  of  our 
own  training  program  and  the  significance  of  its 
principal  objectives. 

At  the  end  of  our  survey,  we  found  ourselves 
with  the  opinion  that  the  furniture  industry  was  at 
least  a  full  generation  behind  industrial  develop¬ 
ment  and  organization  in  such  fields  as  metal  work¬ 
ing,  textiles,  chemicals,  electrical  appliances  and 
other  related  industries.  Plants,  as  a  whole,  were 
directed  and  staffed  by  men  who  had  grown  up  in 
the  industry,  with  few  individuals  who  had  been 
specially  trained  in  this  field,  and  an  increasingly 
small  number  of  individuals  who  had  had  technical 
training  in  related  fields.  While  this  situation  is 
changing,  it  still  exists  today  in  the  majority  of 
cases. 

In  order  to  meet  this  problem,  we  have  developed 
a  training  program  with  the  follow'ing  broad  ob¬ 
jectives: 

I.  Training  of  our  present  supervisory  staff. 

^  II.  Orientation  of  new  employees  and  training 
of  workers  with  technical  skills. 

III.  Training  of  a  future  management  group. 

Training  of  Present  Supervisory  Staff 

An  analysis  of  our  supervisory  personnel,  includ¬ 
ing  all  those  men  at  the  foremen  level,  as  well  as 
those  above  this  level,  revealed  that  the  majority  of 
all  these  people  had  little  or  no  formal  technical 
training.  As  a  matter  of  fact,  the  majority  of  them 


had  less  than  a  high  school  education,  and  without 
the  benefit  of  any  training  program.  Prior  to  this 
time  most  of  them  had  little  conception  of  the 
problems  of  a  foreman  or  superintendent  under 
present  conditions.  The  situation  may  well  be  de¬ 
scribed  by  this  cjuotation  from  a  recent  talk  made  by 
Mr.  M.  J.  Rathtx)  ne.  President  of  the  Standard  Oil 
Company  of  New  Jersey,  who  said: 

"The  old  well-known  responsibilities  of  a  fore¬ 
man  for  safety,  quality,  quantity,  cost,  etc.  are  not 
enough.  Today’s  foreman  must  know'  company 
policies  and  public  relations.  They  must  be 
familiar  with  labor  techniques,  national  labor 
trends,  sociological  trends,  and  many  other  simi¬ 
lar  matters.  Technological  developments  demand 
that  foremen  be  more  broadly  educated.  The  com¬ 
plexities  of  most  modern  business  demand  that 
foremen  know  the  inter-relationship  of  the  vari¬ 
ous  departmental  functions  and  how  their  reac¬ 
tions  may  affect  other  departments.  They  must 
know'  and  observe  many  government  regulations 
and  requirements.  The’  only  way  a  foreman  can 
become  efficient  and  expert  in  all  these  lines  is 
through  comprehensive,  well-planned  training 
programs.  Every  progressive  business  should  train 
its  foremen  and  not  let  them  "just  grow  like 
Topsy.”  You  would  not  expect  an  engineer  or 
dcKtor  to  perform  his  woric  without  the  proper 
training.  How  can  we  expect  our  foremen  who 
are  production  men,  our  labor  handling  men,  our 
public  relations  men  to  do  their  jobs  efficiently 
without  proper  training?” 

A  recent  survey,  conducted  by  an  independent 
research  organization,  among  top  management  and 
foremen  alike,  showed  that  78  percent  of  a  fore¬ 
man’s  time  and  skill  has  to  do  with  handling  his 
personnel,  and  that  only  about  22  percent  of  his 
time  and  skill  is  spent  on  the  technical  aspects  of  his 
job.  The  breakdown  was  as  follows:  Being  a  good 
manager  and  planner,  26  percent;  Handling  people, 
28  percent;  Explaining  policies  and  procedures,  24 
percent;  Applying  technical  knowledge,  22  percent. 

Whether  we  agree  with  the  facts  revealed  by  this 
survey  or  not,  everyone  will  agree,  after  thinking 
the  matter  over,  that  more  time  is  spent  by  the  super¬ 
visor  in  directing  his  work  force  than  is  spent  on 
the  technical  aspects  of  his  job.  A  great  portion  of 
American  industry  has  recognized  that  an  individual 
must  learn  the  technical  aspects  of  his  job  through 
years  of  experience  and  training  before  he  can  be 
given  responsibilities.  Yet,  in  most  cases  industry 
has  made  supervisors  out  of  these  technicians  with- 
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out  giving  them  the  training  necessary  to  meet  the 
new  responsibilities  they  face  as  supervisors.  A  su¬ 
pervisor  needs  technical  skill,  plus  knowledge  of 
his  authorities,  skill  in  instructing,  skill  in  planning, 
and  skill  in  handling  people. 

Our  first  step,  therefore,  was  to  organize  this 
group  into  a  planning  group  with  definite  and  regu¬ 
lar  meetings,  in  which  they  would  be  concerned  first, 
with  learning  more  about  the  problem  of  directing 
people  and  coordinating  the  activities  of  their  de¬ 
partment  with  other  departments;  and  second,  with 
the  technical  skills  and  knowledge  necessary  in  their 
own  particular  fields. 

The  following  outline  is  a  concise  summary  of  the 
plan  for  the  operation  of  this  phase  of  our  training 
program: 

Supervisory  Training 

I.  Management  Skills 
A.  Operation  of  the  Course 

1.  Groups 

(a)  All  foremen  in  each  plant  meeting  to¬ 
gether.  (b)  Foremen  of  all  plants  meeting 
together  on  such  special  occasions  as  "Fore¬ 
men’s  Day.’’ 

2.  Meeting  Times 

(a)  Once  each  month  except  during  sum¬ 
mer  months,  (b)  Dinner  meeting  at  time 
most  suitable  for  each  plant,  (c)  Meetings 
to  be  held  at  most  appropriate  place. 

3.  Method  of  conduct 

(a)  Chairman — ^Plant  manager  or  plant  per¬ 
sonnel  manager,  (b)  Discussion,  lecture,  or 
both. 

4.  Mechanics 

(a)  Invitations  to  each  meeting  accompanied 
by  outline  of  topics  for  discussion,  (b)  Use 
of  charts,  graphs,  models,  etc.  where  possible, 
(c)  Detailed  write-up  to  members  at  con¬ 
clusion  of  sessions. 

B.  Suggested  Topics 

1.  Personnel  Practice  and  Policies 

(a)  Discussion  of  present  labor  conditions, 
lalxjr  turn-over  reports,  absenteeism,  etc. 

(b)  A  study  of  company  personnel  policies 
and  consideration  of  possible  improvements. 

(c)  Discussion  of  employee  benefit  plans, 
such  as  group  insurance,  hospital  insurance, 
social  security.  Workmen’s  Compensation, 
Unemployment  Compensation. 

2.  The  fob  of  Being  a  Supervisor 

(a)  The  obligation  and  privileges  of  being 
a  supervisor  discussed  as  follows: 

(1)  What  the  supervisor  expects.  (2) 
What  management  expects.  (3)  What 
workers  expect.  (4)  The  privileges  of 
supervision. 

3.  Training — A  Supervisor’s  Responsibility 

(a)  A  discussion  of  the  importance  of  proper 
instruction  of  workers  in  "how”  to  do 
their  jobs. 


A  four-step  plan  aimed  at  aiding  the 
supervisor  in  getting  the  worker  to  do 
his  job  correctly,  quickly,  and  conscien¬ 
tiously  by: 

(1)  Recognizing  training  needs.  (2) 
Planning  and  organizing  job  training. 
(3)  Supervising  job  training.  (4)  Job 
instruction  procedures. 

"If  the  worker  hasn’t  learned,  the  instructor 
hasn’t  taught.” 

4.  Planning  Work  and  Budgeting  Time 

(a)  A  session  which  deals  with  the  impor¬ 
tance  of  "planning  or  thinking  ahead.” 
(1)  Steps  in  improving  a  job. 

a.  Analyzing  present  methods. 

b.  Visualizing  new  and  improved 
ways  of  doing  a  job.  c.  Accepting 
suggestions  for  better  methods. 

5.  Effective  Discipline 

(a)  A  consideration  of  the  supervisors’  re¬ 
sponsibility  for  maintaining  effective  dis¬ 
cipline,  with  emphasis  given  to  pre¬ 
ventive  rather  than  punitive  discipline. 

6.  Cost  Control  and  Vf^aste  Elimination 

(a)  Need  for  cost  control,  (b)  Methods  of 
cost  control,  (c)  The  supervisor’s  part  in  cost 
control. 

7.  Our  Industrial  System 

(a)  The  development  of  the  industrial  sys¬ 
tem  in  America,  (b)  The  organization  and 
financing  of  a  corporation — the  obtaining  of 
capital  and  the  relationship  of  stockholders, 
(c)  The  relationship  of  wages,  prices,  and 
profits. 

8.  Labor — Management  Relationships 

(a)  Histo  ry  of  the  American  Industrial 
System. 

(b)  The  growth  and  development  of  labor 
unions. 

(c)  Labor  Laws. 

(1)  National  Labor  Relations  Act. 

(2)  Fair  Labor  Standards  Act. 

(3)  Walsh-Healey  Act.  (4)  Fair  Em¬ 
ployment  Practices  Act.  (3)  State  Labor 
Laws. 

9.  Work  Simplification 

(a)  A  program  conducted  by  some  specialist 
in  '  Work  Simplification  and  Motion 
Economy.” 

11.  Technical  Skills 

A.  Purpose 

To  give  foremen  the  opportunity  of  improving 
their  knowledge  of  the  various  technical  phases 
necessary  for  the  efficient  management  of  their 
departments. 

B.  Operation  of  the  Course 
1.  Groups 

(a)  Foremen  by  departments;  that  is,  all 
rough  machine  foremen  meeting  together,  all 
finish  machine  foremen,  all  cabinet  foremen. 
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etc.  (b)  Occasional  meetings  of  all  foremen 
in  a  plant,  and  all  foremen  in  the  company 
when  the  subject  is  of  common  interest. 

2.  Meeting  times 

(a)  One  meeting  each  week  until  all  depart¬ 
ments  have  at  least  one  meeting  each  spring 
and  each  fall,  (b)  The  meetings  shall  begin 
at  3:00  p.  m.  and  adjourn  not  later  than  5:00 
p.  m.  with  dinner  following,  (c)  Place  of 
meeting — to  be  worked  out  for  convenience. 

3.  Method  of  Conduct 

(a)  Chairman  of  meeting — Personnel  Di¬ 
rector.  (b)  Discussion,  lecture  or  both  by 
plant  manager,  superintendents,  foremen  or 
other  qualified  person. 

4.  Mechanics 

(a)  Invitations  to  each  meeting  accompanied 
by  outline  of  topics  for  discussion,  (b)  Use 
of  charts,  graphs,  models,  etc.  where  pos¬ 
sible.  (c)  Detailed  write-up  to  members  at 
conclusion  of  sessions. 

C.  Suggested  Topics 

1.  Yard  Group 

Subjects  for  discussion.  (To  be  developed.) 

2.  Rough  Machine  Group — Subjects  for  dis¬ 
cussion 

(a)  Lumber  Grades,  yield,  waste,  labor. 

(b)  Automatic  cut-off  saws  vs.  swing  saws. 

(c)  Do  conveyors  save  labor  and  speed  pro¬ 
duction?  (d)  Glue  jointers,  vs.  straight  line 
ripsaws,  (e)  How  much  attention  can  you 
give  to  utilizing  scraps  and  not  allow  labor 
to  wipe  out  the  savings?  (f)  Gluing  cores 
.  .  .  glue  reels  vs.  steam  heated  presses  vs. 
electronic  presses.  Which  is  better  in  regard 
to  efficiency,  quality  and  working  conditions, 
(g)  How  long  should  cores  be  conditioned 
before  planing?  Before  veneering?  Under 
what  conditions — such  as  temperature,  mois¬ 
ture  content,  circulating  air,  etc.  ?  Should 
cores  have  sticks  between  them  while  in  the 
hot  box?  (h)  Should  moulders  be  located  in 
rough  machine,  or  finish  machine  depart¬ 
ment?  (i)  Discussion  on  glues-^animal  vs. 
resin,  (j)  Best  method  of  ripping — parallel 
or  wedge  ripping? 

3.  Finish  Machine  Group — Subjects  for  Discus- 
cussion 

(a)  Discusion  of  forms  and  patterns  for 
shapers  and  routers  .  .  .  metal  lined  and  wood 

K  forms,  (b)  Metal  patterns  for  bandsaw, 
joints,  variety  saw,  double  end  mitre  saws  and 
joints,  variety  saw,  double  and  mitre  saws  and 
tenon  machine  .  .  .  difference  in  speed,  qual¬ 
ity  of  work  and  labor,  (d)  Dowelled  joints 
vs.  spline  vs.  mortise  joint,  (e)  Electronic 
presses  vs.  air  presses  for  frames  and  banding 
tops,  (f)  Is  hand  sanding  necessary  after 
Nash  sanding  on  turned  post?  (g)  Discus¬ 
sion  of  tenon  operations  to  eliminate  hand 


work  on  slower  machines,  such  as  variety 
saws,  shapers  or  routers,  (h)  Which  is  bet¬ 
ter  for  light  shaping,  a  detail  shaper  or 
router,  (i)  Which  is  better — to  have  a 
skilled  man  to  operate  each  machine,  or  have 
a  sub-foreman  or  key  man  in  charge  of  sev¬ 
eral  machines  with  non-skilled  operators. 

4.  through  10.  Finishing,  Rubbing,  Shipping, 
Carving,  Veneer,  and  Inspection  Groups. 
Subjects  for  discussion  to  be  developed. 

Orientation  of  New  Employees  and  Training  of 
Workers  With  Technical  Skills 
In  approaching  the  problem  of  training  the  indi¬ 
vidual  workman  or  mechanic,  we  have  again  come 
to  believe  that  it  is  important  for  every  man  in  the 
organization  to  know  something  of  the  policies  and 
overall  operations  of  the  company  for  which  he 
works,  in  order  to  do  a  satisfactory  job  at  his  indi¬ 
vidual  post.  After  this  orientation  is  completed,  it 
is  then  necessary  to  take  up  the  problem  of  special 
training  for  those  employees  with  technical  skills, 
which  must  be  adapted  or  further  developed  to  fit 
our  particular  needs. 

We  have,  therefore,  developed  a  training  pro¬ 
gram,  which  provides  each  new  employee  with  a 
brief,  but  nevertheless  thorough  orientation  period, 
in  which  all  phases  of  the  company’s  policies,  plan¬ 
ning  and  objectives  are  laid  before  him,  with  par¬ 
ticular  regard  for  those  which  will  affect  him  as  an 
individual.  The  first  phase  of  this  program  is  out¬ 
lined  in  detail  as  follows:  (1)  Brief  outline  of  the 
history  of  the  company.  (2)  Discussion  of  the  or¬ 
ganization  chart,  showing  company  management  and 
major  divisions  and  discussion  of  the  functions  of 
each  division.  (3)  Discussion  of  employee  bene¬ 
fits.  (4)  Outline  of  company  personnel  policies, 
including  rules  and  regulations  for  employees. 
(5)  Discussion  of  products  manufactured  by  the 
Company  from  the  customer’s  viewpoint,  with  em¬ 
phasis  on  the  significance  of  sales,  promotion  and 
advertising  in  providing  steady  employment.  (6) 
The  role  of  the  individual  employee  in  furthering 
the  interest  of  the  company,  as  well  as  his  own 
personal  welfare. 

In  the  second  phase  of  our  program  of  training 
workers  with  technical  skills,  we  have  found  it  ex¬ 
tremely  difficult  to  approach  this  matter  in  a  formal 
manner,  except  through  the  time-honored  relation¬ 
ship  between  the  foremen  and  employees,  who  give 
him  as  much  individual  time  and  attention  as 
possible. 

While  we  intend  to  develop  a  formal  training 
program  for  such  employees,  it  is  our  present  policy 
to  delay  the  development  of  this  phase  of  our  pro¬ 
gram  until  we  have  more  fully  developed  the  pro¬ 
gram  of  supervisory  training  and  have  the  capacity 
in  this  group  to  direct  and  coordinate  this  phase  of 
the  work.  This  policy  applies  only  to  factory  work¬ 
men  and  mechanics,  and  not  to  technical  employees 
of  higher  calibre  and  those  in  key  positions.  These 
will  be  treated  separately  in  the  paragraph  below. 
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Training  of  a  Future  Management  Group 

The  management  of  our  company  feels  that  the 
woodworking  industry  in  general,  and  the  furniture 
industry  in  particular  is  at  the  threshold  of  a  new 
era  of  industrial  development,  with  primary  em¬ 
phasis  to  be  placed  first,  on  modern  management 
methods,  and  second,  on  new'  technical  skills  and 
machinery. 

It  is,  therefore,  imperative  that  new  employees 
with  specialized  training  be  brought  into  the  or¬ 
ganization,  in  order  to  develop  a  reservoir  from 
which  to  draw  the  future  key  employees  and  execu¬ 
tives  of  the  company.  This  is  obviously  a  long  range 
program  and  one  which  must  be  approached  with 
the  utmost  care,  if  we  are  to  avoid  the  disruption  of 
our  present  staff,  the  creation  of  dissatisfaction 
among  employees  who  grew  up  in  the  industry,  and 
the  normal  and  natural  resistance  on  the  part  of 
present  employees  to  new  employees  with  special 
training. 

While  we  have  already  employed  and  have 
molded  into  our  organization  a  considerable  number 
of  individuals  with  specialized  training  during  the 
past  five  years,  w'e  now'  feel  that  a  formal  training 
program  is  necessary  for  this  purpose.  The  plan 
which  we  have  developed  is  outlined  in  summary 
form  as  follows; 

Junior  Management  Clinics 

A.  Purpose:  To  develop  basic  management  skills; 
to  acquaint  new  members  with  the  structure, 
functions,  and  problems  of  the  Drexel  Furniture 
Company;  and  to  implement  the  technical 
know'ledge  being  gained  by  "on-the-job”  train¬ 
ing. 

B.  Operation  of  the  Course 

1.  Meeting  Times 

(a)  Once  each  week  for  8  weeks  in  spring 
and  fall  (b)  Meetings  to  be  held  at  the 
main  office  in  Drexel.  (c)  Meetings  to  be¬ 
gin  after  w'orking  hours  at  time  most  suitable 
to  group. 

2.  Method  of  conduct 

(a)  Lecture  by  key  personnel  responsible  for 
each  function  (one-half  hour),  (b)  Discus¬ 
sion — not  to  exceed  one-half  hour,  (c)  Chair¬ 
man  of  meeting — personnel  director  or  as¬ 
sistant  assigned  by  the  Director. 

3.  Mechanics 

(a)  Invitations  to  each  meeting  accompanied 
by  outline  of  topics  for  discussion,  (b)  Eli¬ 
gibility — junior  management  trainees,  (c) 
Use  of  charts  and  graphs  w'here  appropriate, 
(d)  Detailed  write-up  to  members  at  conclu¬ 
sion  of  sessions,  (e)  Certificate  of  successful 
completion  following  last  meeting  with  din¬ 
ner  and  address  by  the  President  on  Man¬ 
agement  Objectives. 

4.  Supplemental  Work 

(a)  Establish  a  technical  library  to  be  used 
by  trainees  to  supplement  other  training. 

(b)  Occasional  special  assignments  using 
text  books  as  references. 


C.  Topics 

1.  The  Furniture  Industry — History,  organiza¬ 
tion,  geographical  centers,  peculiarities. 

2.  The  Drexel  Furniture  Company — History, 
units,  operations,  management  structures. 

3.  Sales — Place  in  industry,  competition,  organi¬ 
zation,  quality. 

4.  The  Furniture  Market — Functions,  Drexel 
participation,  problems,  evaluation. 

5.  Customer  relations — Advertising,  selling  aids, 
promotions. 

6.  Design — Types  of  furniture,  style  changes, 
samples,  development  for  production. 

7.  Production  Management — Functions,  organi¬ 
zation,  integration,  problems. 

8.  Production  Control- — Planning,  scheduling, 
routing,  control. 

9.  Costs  in  Furniture  Manufacturing — Break¬ 
down — ^general,  standards,  controls,  annual 
statement. 

10.  Personnel  Department — Functions,  organiza¬ 
tion,  labor  relations,  developments. 

11.  Wages  and  fob  Evaluation — Competition, 
general  w'age  changes,  job  evaluation,  ad¬ 
ministration. 

12.  Organization,  areas,  developments, 
projects. 

13.  Waste — Raw  Lumber,  drying,  cutting,  in- 
process  lumber. 

14.  Quality — Standards,  employees,  vulnerable 
points,  style  factors. 

15.  Machine  and  Process  Developments — Glues, 
conveyors,  mechanical  equipment,  electrical 
devices. 

16.  Materials — Types,  problems  concerning  mate¬ 
rials,  change  in  use,  forecast. 

On-the*  Job-Training 

A.  Purpose:  To  give  trainees  technical  training  in 
the  many  phases  of  furniture  manufacturing  by 
working  in  various  departments  throughout  the 
company. 

B.  Training  Schedule:  The  training  schedule  for 
each  trainee  w'ill  depend  upon  the  individual’s 
previous  training.  The  first  or  basic  phase  of 
training  will  consist  of  assignments  throughout 
the  various  departments  in  the  plants.  The  sec¬ 
ond  or  advanced  phase  is  intended  to  give  more- 
thorough  and  complete  training  in  the  various 
specialized  fields. 

Those  persons  who  have  aptitude  for  and  desire 
to  go  into  sales  or  other  departments  not  commonly 
regarded  as  production  departments  w'ill  be  given 
special  assignments  in  the  various  departments  re¬ 
lated  to  sales.  At  some  time  during  this  later  period 
arrangements  w'ill  be  made  to  place  the  trainee  in  a 
retail  store  to  get  sales  experience. 

In  order  to  provide  for  the  needs  of  all  types  of 
trainees,  the  schedule  as  outlined  should  be  ade¬ 
quate  for  any  employee  without  prior  furniture 
knowledge  or  experience.  The  amount  of  training, 
starting  place,  etc.,  will  vary  with  individuals. 
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1.  Plant 

(a)  Two  months — rough  machine,  (b)  Six 
months — finish  machine,  (c)  Three  months — 
cabinet,  (d)  Three  months — finishing  and  rub¬ 
bing,  (e)  Three  months — shipping,  (f)  Three 
months — sample,  (g)  Three  months — research. 

2.  Office 

(a)  Three  to  six  months — personnel  depart¬ 
ment, 

(b)  Three  to  six  months — production  planning 
department, 

(c)  Six  to  twelve  months — sales  department, 

(1)  Order  and  Billing 

(2)  Advertising 

(3)  Interior  decorating  and  show  room 

3.  Retail  Store 

(a)  Six  to  twelve  months  on  retail  floor. 

C.  Selection 

1.  Utmost  care  should  be  exercised  in  selecting 
trainees.  Careful  consideration  should  be 
given  to  presently  employed  personnel,  both 
in  the  plant  and  in  the  office.  Superintend¬ 
ents,  plant  managers,  and  department  heads 
should  be  asked  to  evaluate  their  employees 
with  great  care  and  make  recommendations 
as  to  those  worthy  of  receiving  training. 

2.  In  addition  to  presently  employed  personnel, 
new  men  should,  from  time  to  time  be  en¬ 
rolled  in  the  training  program.  All  new  men 
should  be  selected  with  extreme  care  and 
should  be  selected  on  the  basis  of  previous 
training  and  experience,  and  the  needs  of  the 
Company. 

3.  All  persons  should  be  given  aptitude  tests  or 
any  other  types  of  tests  which  would  be  use¬ 
ful  in  determining  the  course  a  trainee  should 
pursue. 

D.  Length  of  Training 

1.  The  length  of  time  required  to  train  each 
man  will  vary  according  to  his  previous  train¬ 
ing,  ability,  aptitude,  and  objective  to  which 
he  aspires. 

2.  Trainees  without  a  background  of  specialized 
training  in  the  field  in  which  he  wishes  to 
specialize  will  be  given  the  basic  training  as 
outlined  in  all  cases. 

E.  Progress  Reports 

1.  All  trainees  will  be  observed  carefully  and 
merit-rated  by  his  immediate  supervisor  and 
superintendent  at  the  end  of  each  three 
months  for  the  first  twelve  months,  and  at 
the  end  of  each  six  months  thereafter. 


2.  The  trainee  shall  be  informed  of  any  unsat¬ 
isfactory  rating  and  given  special  assign¬ 
ments,  if  possible,  to  help  him  overcome  such 
deficiencies. 

3.  If  at  the  end  of  a  reasonable  time  it  appears 
that  the  trainee  does  not  possess  the  neces¬ 
sary  qualifications  to  continue  his  program, 
he  shall  be  so  informed  and  his  training  ter¬ 
minated. 

Conclusion 

In  consideration  of  the  above  plan  it  must  be  re¬ 
membered  that  every  plan  must  be  tailored  to  fit  the 
individual  company  for  which  it  is-  intended.  No 
training  program  for  one  company  could  be  adopted 
by  another  company  without  careful  study  on  the 
part  of  those  responsible  for  such  a  program. 

The  first  and  biggest  job  is  to  prepare  the  present 
organization  for  the  steps  which  will  be  taken  in  the 
future.  In  a  recent  conversation  with  Mr.  Leonard 
Giles,  Personnel  Director  for  the  Lincoln  Electric- 
Company,  Cleveland,  Ohio  he  stated  that  the  largest 
single  problem  facing  their  organization  was  to  get 
the  employees  to  willingly  accept  a  new  idea.  This 
truth  is  so  obvious  that  it  has  been  adopted  by  our 
organization  as  a  basic  truth,  and  no  step  is  taken  to 
initiate  a  new  program  without  spending  the  maxi¬ 
mum  in  time  and  effort  to  prepare  the  organization 
for  this  step. 

During  the  past  five  years  the  Drexel  Furniture 
Company  has  established  a  number  of  new  depart¬ 
ments,  which  have  been  staffed  by  specialists  with 
training  and  experience  in  their  individual  fields. 
Among  these  are  a  Personnel  Department,  with  re¬ 
sponsibility  for  employee-training;  a  centralized  Pur¬ 
chasing  Departrpent,  a  Production  Planning  and 
Engineering  Department,  a  Research  Laboratory  for 
applied  research  as  contrasted  with  pure  research;  a 
Sample  Plant  for  the  manufacture  of  all  models  of 
products  to  be  manufactured  by  the  company,  in¬ 
cluding  the  tools,  jigs  and  fixtures,  which  will  be 
needed  by  the  producing  plant;  a  new  Cost  System 
and  Standards  Department,  and  a  new  Advertising 
Department.  Thest  departments  have  proved  in¬ 
valuable  as  spots  where  on-the-job  training  may  be 
given  to  new  employees. 

The  entire  program  of  training  is  under  the  di¬ 
rection  of  the  Personnel  Division,  but  all  depart¬ 
ment  heads  and  other  executives  of  the  company 
participate  in  the  program  as  much  as  possible  and 
wherever  they  are  needed. 
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Panel  Discussion  of  Forest  Products  Training  and  Education 


Thomas  D.  Perry  (Engineer)  :  Are  colleges  lean¬ 
ing  to  trade  schools? 

E.  S.  Harrar  (Duke  University) :  Duke  accepts 
students  from  liberal  arts  and  technical  schools. 
Liberal  arts  students  of  broad  interest  often  progress 
most  rapidly. 

Frederick  F.  \Fangaard  (Yale  University) :  1 
haven’t  found  any  marked  difference  in  progress  of 
technical  and  non-technical  students. 

A.  J.  Panshin  (Michigan  State  College) :  Un¬ 
doubtedly  there  is  a  tendency  in  some  college  cur¬ 
ricula  to  over-emphasize  the  practical  or  the  trade- 
school  approach  to  technical  training.  This  stems, 
in  part  at  least,  from  an  attempt  on  the  part  of  the 
colleges  to  equip  their  students  with  enough  "prac¬ 
tical”  ammunition  to  enable  them  to  secure  a  first 
job  in  industry.  But  it  is  due  also  to  the  over¬ 
emphasis  on  practical  or  vocational  training  by  the 
employers. 

It  is  to  be  feared  that  some  employers  misunder¬ 
stand  the  function  of  college  training  when  they 
insist  on  the  very  narrow,  vocational  specialization. 
Probably  the  crux  of  the  matter  is  that  wood-using 
industries  need  two  types  of  technical  personnel; 
the  technician  for  specialized  tasks,  and  the  tech¬ 
nical  personnel,  with  broad  training  in  the  natural, 
physical  and  social  sciences,  from  whom  future 
managers  and  industrial  leaders  can  be  selected.  The 
first  type  should  most  properly  be  trained  by  voca¬ 
tional  school  or  by  means  of  on-the-job  training 
programs.  The  training  of  the  latter  is  a  college 
function.  Any  attempt  to  combine  these  two  is 
.seldom  a  complete  success,  because  in  four  years 
neither  of  the  objectives  can  be  fu(ly  realized. 

At  Michigan  State  College  an  attempt  is  made  to 
reconcile  the  two  objectives  by  requiring  the  stu¬ 
dents  to  take  a  certain  number  of  prescribed  courses, 
two-thirds  of  which  are  in  the  basic  sciences,  arts 
and  engineering  and  about  one-third  in  technical 
work  of  more  specialized  nature.  In  addition,  how¬ 
ever,  the  curriculum  includes  a  considerable  number 
of  elective  credits,  which  can  be  earned  by  students 
by  taking  any  subjects  which  they  feel  will  benefit 
them  most  in  their  future  professional  work.  Some 
practical  experience  in  the  chosen  field  of  specializa¬ 
tion  is  obtained  through  additional  requirement  of 
at  least  16  weeks  of  practical  work  before  a  man 
can  be  recommended  for  graduation. 

James  B.  Darcy  (Pennsylvania  State  College) :  Is 
there  value  in  survey  courses  in  economics,  and 
with  the  war  and  a  possible  compulsory  military 
training,  are  more  than  4  years  necessary? 

Mr.  Panshin:  In  a  four  year  college  program, 
survey  courses  are  unavoidable.  Sometimes  this  is 
the  only  practical  means  of  introducing  subjects 
that  serve  to  broaden  the  student’s  understanding 
of  such  areas  as  economics  and  the  business  and 


social  sciences.  In  other  words,  survey  courses  serve 
as  a  compromise  when  time  for  more  thorough 
preparation  in  some  phase  of  the  work  is  not  avail¬ 
able,  and  the  alternative  would  be  no  exposure 
whatsoever  to  subjects  of  general  educational  or 
professional  value. 

Ed.  R.  Lynn  (Oklahoma  A&M  College) ;  How 
much  value  are  field  trips  to  students? 

Mr.  Panshin:  Trips  which  include  several  unre¬ 
lated  plants  in  rapid  succession  are  not  very  suc¬ 
cessful.  Considerable  benefit,  however,  can  be 
derived  if  the  trips  are  preceded  by  adequate  dis¬ 
cussion  of  what  the  students  will  see  on  the  trip, 
and  the  students  are  later  asked  for  constructive 
comments  on  operations  they  visited,  preferably  in 
the  form  of  a  written  report. 

George  L.  Drake  (Simpson  Logging  Company) ; 
Much  is  to  be  gained,  but  brief  visits  are  not  much 
good.  Summer  work  is  valuable. 

Davis  R.  Godwin  (Atlantic  Plywood  Corp.): 
Field  trips  from  N.  C.  State  College  to  woodwork¬ 
ing  plants  have  proved  very  beneficial  to  the  stu¬ 
dents.  Officials  in  these  plants  are  very  cooperative 
by  answering  questions  on  tours.  Tours  are  con¬ 
ducted  step  by  step  enabling  the  student  to  grasp 
the  essentials  of  each  operation.  If  these  tours  are 
correctly  timed  during  a  course,  there  is  much 
benefit  to  be  derived  from  them.  Industrial  organ¬ 
izations  realize  that  they  too  benefit  from  these 
tours  and  readily  invite  both  questions  and  sugges¬ 
tions  from  the  students.  The  intensive  operations 
of  a  woodworking  plant  cannot  be  learned  entirely 
from  a  book;  therefore,  it  is  my  belief  that  in  order 
for  students  to  get  a  good  idea  of  different  types  of 
operations,  field  trips  are  absolutely  essential  to 
college  training. 

E.  George  Stern  (Virginia  Polytechnic  Institute)  ; 
Years  ago  when  there  was  less  to  be  taught,  the 
curricula  were  not  as  manifold  as  today.  Instead  of 
a  specialized  education,  a  basic  education  was 
offered  with  emphasis  on  clear  thinking  and  con¬ 
fident  self-expression.  Both  were  accomplished  to  a 
considerable  extent  by  being  taught  foreign  lan¬ 
guages  which  automatically  taught  the  student  to 
master  his  native  language. 

Mr.  Drake:  Any  job  will  give  you  a  chance  to 
learn  if  you  keep  your  eyes  open.  Don’t  worry 
about  what  the  job  is  but  take  any  one  to  get 
experience. 

E.  Sigurd  Johnson  (North  Carolina  State  Col¬ 
lege)  :  Furniture  plants  in  southeastern  United 
States  can  always  use  students  for  summer  employ¬ 
ment.  These  students  are  hired  at  minimum  rates 
but  are  used  as  helpers  at  many  different  operations 
and  as  operators  of  the  simpler  machines.  Each  year 
at  N.  C.  State  College  we  receive  more  requests 
from  manufacturers  for  students  than  there  are 
students  available  for  this  summer  work. 
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The  economic  background  leading  to  the  development  of  the  chemigroundwood  process  is  presented  as  an  intro¬ 
duction  to  a  description  of  the  process,  the  nature  of  chemigroundwood  pulps  in  relation  to  normal  groundwood,  and 
the  general  effects  of  some  process  variables  on  the  qualities  of  the  resultant  pulps.  The  various  economies  possible 
through  the  use  of  this  process  as  welt  as  the  potential  applications  of  chemigroundwood  pulps  in  various  papermaking 
fields  are  indicated.  Emphasis  is  placed  on  conceivable  establishment  of  extended  puipwood  supplies  through  the  utiliza¬ 
tion  of  hardwood  species  in  areas  where  the  volume  of  coniferous  wood  has  been  depleted. 


The  Case  for  Hardwoods  as  a  Pulp  Source 

The  almost  complete  dependence  of  the  pulp  and 
paper  industry  in  the  United  States  on  wood 
pulp  as  a  raw  material  is  universally  recognized.  It 
is  apparent,  therefore,  that  the  very  life  of  this  im¬ 
portant  industry  in  any  section  of  the  country  is 
dependent  upon  adequate  supplies  of  wood  suitable 
for  the  manufacture  of  pulps  which  can  subse¬ 
quently  be  converted  into  the  wide  variety  of  paper 
and  paper  products  commonly  encountered  today. 
The  ever  increasing  demand  for  these  products  is 
creating  an  ever  growing  drain  on  the  forest  re¬ 
sources  of  this  country  and  on  those  of  our  Cana¬ 
dian  neighbor.  In  the  past,  the  greatest  proportion 
of  the  wood  pulp  was  manufactured  from  the  conif¬ 
erous  species,  notably  spruce  and  balsam  fir.  Hard¬ 
woods  were  used  to  a  considerably  lesser  extent  and 
then  primarily  in  chemical  pulping  processes  where 
half  or  more  than  half  of  the  wood  substance  is 
either  lost  completely  or  salvaged  only  in  the  form 
of  heat  from  recovery  processes.  The  pulps  giving 
highest  yields,  mechanical  pulps  containing  nearly 
all  of  the  original  wood  constituents,  were  almost 
entirely  produced  from  softwoods.  In  the  more  re¬ 
cently  developed  pulp  producing  areas,  good  for¬ 
estry  practices  have  assured  a  sustained  yield  in 
puipwood  operations.  However,  in  the  Northeastern 
United  States,  the  area  in  which  the  paper  industry 
of  this  country  first  developed,  former  unscientific 
forestry  practice  has  changed  the  forest  stand  to 
such  an  extent  that  the  softwoods,  once  the  pre¬ 
dominant  species  in  this  region,  have  been  seriously 
reduced  in  volume  while  the  volume  of  the  more 
easily  propagated  hardwoods  has  greatly  increased. 

The  growing  scarcity  of  coniferous  woods  for 
pulp  manufacture,  especially  in  these  latter  areas, 
has  focused  interest  on  the  hardwoods  as  potential 

*  Harper,  V.  L.,  Timber  Resources  of  New  England  and 
New  York  with  Reference  to  Puipwood  Supplies.  .U.S.D.A., 
Northeastern  Forest  Experiment  Station,  Station  Paper 
No.  5.  (1947) 


replacements  for  the  diminishing  supply  of  soft¬ 
woods.  In  1948,  according  to  the  Department  of 
Commerce,  Bureau  of  Census,  the  pulp  manufactur¬ 
ing  industry  consumed  a  total  of  21,189,458  cords 
of  wood  of  which  2,698,542  cords  or  about  13  per¬ 
cent  were  hardwoods.  Only  about  6  percent  of  these 
hardwoods  (166,149  cords)  were  used  for  mechan¬ 
ical  pulp  production.  Mixed  northern  hardwoods 
used  for  groundwood  manufacture  accounted  for 
only  2,818  cords  of  this  total. 

When  these  statistics  are  compared  with  the 
timber  volume  in  New  England  and  New  York,  as 
estimated  by  Harper’^  in  1945,  the  need  for  in¬ 
creased  utilization  of  these  species  becomes  more 
apparent  (Table  1). 

Table  1. — Timber  Volume*  in  New  England  and 
New  York 

Status  Beginning  of  1945 


Million  Cords 

Softwoods 

Hardwoods 

Spruce  and  fir.. . . 

103 

Birch,  beech,  maple _ 

.  248 

White  and  Norway  pine. 

40 

Oak . . 

.  30 

28 

.  17 

Other _ _ _ 

7 

Other _ 

.  20 

Total . 

178 

Total . 

.  315 

>Trees  5  inches  diameter  breast  high  and  larger;  does  not  include 
bark.  Converting  factors:  softwood  78  cu.  ft.  per  cord;  hardwoods 
63  cu.  ft.  per  cord. 


Of  the  total  stand,  according  to  this  estimate, 
only  21  percent  of  the  stand  consists  of  spruce  and 
fir  while  the  mixed  hardwoods  (birch,  beech, 
maple)  constitute  50  percent  of  the  total.  Even 
though  the  drain  on  these  forests  from  all  sources, 
i.e.  the  drain  for  lumber,  puipwood,  other  forest 
products,  losses  from  fire,  insects  and  disease,  is  less 
than  the  annual  growth  (Table  2),  the  distribution 
shows  that  while  42  percent  of  the  drain  consists  of 
softwoods,  only  35  percent  of  the  growth  is  repre¬ 
sented  by  these  species  and  only  15  percent  of  the 
annual  surplus  is  in  coniferous  wood. 
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Table  2. — Comparison  of  Annual  Drain 
AND  Growth 

Status  Beginning  of  1945 


Thousand  Cords 

Item  Drain  Growth*  Surplus 

Softwoods . . .  5,754  6,449  695 

Hardwoods _ _  8,040  12,092  4,052 

Tout .  13,794  18,541  4,747 


'Annual  growth  of  all  trees  5  inches  diameter  breast  high  and  larger 
including  tops  and  limbs  (tops  only  in  softwoods)  of  saw  timber  and 
total  volume  of  trees  reaching  5  inches  diameter  breast  high  each 
year.  Bark  not  included. 


Genesis  of  the  Process 

Due  to  the  great  decline  in  the  volume  of  soft¬ 
woods  in  this  region,  many  groundwood  mills  in 
the  northeast  are  forced  to  import  coniferous  pulp- 
wood  from  Canada,  constituting  a  costly  and  eco¬ 
nomically  serious  disadvantage  for  this  important 
industry.  It  is  against  this  economic  background  that 
a  group  of  fourteen  farsighted  pulp  manufacturers 
in  1946  formed  a  non-profit  corporation  named  the 
Empire  State  Paper  Research  Associates,  Inc.,  more 
commonly  known  as  ESPRA,  with  the  stated  objec¬ 
tive  as  follows:  "To  broaden  the  sources  of  raw 
material  for  the  pulp  and  paper  industries  of  New 
York  State,  to  increase  the  fiber  yield  and  paper¬ 
making  qualities  of  wood  used  in  the  manufacture 
of  pulp  and  paper,  and  in  general  to  help  improve 
the  economic  condition  of  the  pulp  and  paper  in¬ 
dustry.”  The  ESPRA  organization  and  the  State  of 
New  York  have  co-sponsored  the  research  work 
carried  out  at  the  New  York  State  College  of  For¬ 
estry  which  led  to  the  development  of  the  chemi- 
groundwood  process. 

The  development  and  technology  of  the  chemi- 
groundwood  process  and  a  large  number  of  sup¬ 
porting  data  have  been  published  in  the  technical 
literature^  and  in  the  form  of  a  technical  bulletin 
of  the  New  York  State  College  of  Forestiy®  by 
Professors  C.  E.  Libby  and  F.  W.  O’Neil,  the  in¬ 
ventors  of  the  process.  It  is  not  the  purpose  of  this 
paper  to  repeat  this  already  published  and  available 
data  but  rather  to  point  out,  after  a  brief  review  of 
the  process  itself,  the  potential  utilization  of  pulps 
produced  in  this  manner  and  the  economic  advan¬ 
tages  which  may  be  derived  from  its  application. 

Chemigroundwood  pulp,  by  definition,  is  mechan¬ 
ical  or  groundwood  pulp  produced  from  hardwoods 
after  a  preliminary  chemical  treatment  under  pres¬ 
sure  and  temperature  conditions  which  materially 
modify  the  physical  characteristics  of  the  resultant 
pulps  in  relation  to  groundwood  produced  from  the 
same  species  without  pretreatment. 


*  Libby,  C.  E.  and  O’Neil,  F.  W.,  The  Manufacture  of 
Chemigroundwood  Pulp  from  Hardwoods,  TAPPI,  Vol. 
33,  No.  4.  (April  1950) 

*  Libby,  C.  E.  and  O’Neil,  F.  W.,  'The  Manufacture  of 
Chemigroundwood  Pulp  from  Hardwoods.  Technical  Pub¬ 
lication  No.  72,  Bulletin  of  the  New  York  State  College 
of  Forestry.  (1950) 


Character  of  the  Fiber 

Papermaking  fibers  produced  by  the  chemi¬ 
groundwood  process  possess  several  characteristics 
which  readily  distinguish  them  from  those  of  nor¬ 
mal  groundwood  pulps.  While  the  fibers  are  still 
highly  lignified,  as  would  be  expected  from  the 
high  yields  of  pulp  (averaging  about  85  percent  of 
the  raw  wood  weight)  obtained  in  this  process,  the 
character  of  the  fiber  is  noticeably  different.  The 
photomicrographs  of  typical  groundwood  and 
chemigroundwood  pulps  (Figs.  1-5)  graphically 
illustrate  these  differences.  Spruce  mechanical  pulp 
as  well  as  groundwood  pulp  produced  from  un¬ 
treated  hardwoods  contain  large  quantities  of  fine 
material,  broken  fibers  and  numerous  undefibered 
fiber  bundles.  Chemigroundwood  pulps,  on  the 
other  hand,  show  a  much  cleaner  fiber,  a  great  re¬ 
duction  in  the  proportion  of  fines,  and  the  presence 
of  numerous  vessel  segments  which  are  almost  en¬ 
tirely  absent  in  the  pulps  produced  from  untreated 
wood.  Fiber  classification  tests  on  the  Bauer-McNett 
classifier  bear  out  these  visual  observations  and 
demonstrate  that  pretreatment  reduces  by  more  than 
half  the  proportion  of  fibers  passing  through  the 
150-mesh  screen  in  this  test. 

Throughout  this  work,  commercial  spruce  ground- 
wood  pulp  has  been  used  as  a  reference  standard 
for  pulp  quality,  production  rates,  power  require¬ 
ments  and  cost  comparisons.  The  use  of  this  stand¬ 
ard  is  justified  on  the  basis  that  it  was  originally 
hoped  chemigroundwood  pulps  from  mixed  hard¬ 
woods  would  become  a  substitute  for  mechanical 
pulps  produced  from  softwoods.  However,  the  qual¬ 
ity  of  pulps  obtained  by  this  process  has  so  far  ex¬ 
ceeded  the  original  expectations  that  simple  substi¬ 
tution  of  these  pulps  for  normal  groundwood  in 
furnishes  has  been  superseded  by  their  possible  sub¬ 
stitution,  at  least  in  part,  for  the  far  more  expensive 
chemical  pulps  currently  in  use. 

Pretreatment  Cycle 

The  process  by  which  the  pulpwood  sticks  are 
pretreated  for  the  manufacture  of  chemigroundwood 
pulps  consists  briefly  of  the  following  essential 
steps:  (1)  pre-evacuation  of  the  charged  digester  or 
retort,  (2)  introduction  of  the  treating  liquor  with¬ 
out  breaking  the  vacuum,  (3)  application  of  hydro¬ 
static  pressure  and  (4)  cooking  with  indirect  heat 
to  obtain  the  desired  physical  properties  in  the  final 
pulp.  A  large  amount  of  fundamental  and  practical 
research,  employing  both  small-scale  and  semi- 
commercial  equipment  in  the  laboratory  of  the  Pulp 
and  Paper  Department  of  the  New  York  State  Col¬ 
lege  of  Forestry,  was  carried  out  to  establish  these 
steps  in  the  treating  cycle.  This  research  also  estab¬ 
lished  the  eflPects  of  such  process  variables  as  treat¬ 
ing  time,  temperature,  pressure,  and  treating  liquor 
composition  and  concentration  on  the  physical  and 
optical  characteristics  of  the  pulps  mjthufactured 
from  the  pretreated  wood.  Numerous  semi-commer- 


Fig.  5. — Aspen  chemigroundwood. 


cial  runs  on  the  laboratory  Great  Northern  grinder 
under  varying  grinding  conditions  and  employing 
a  wide  range  of  pulpstones,  have  established  the 
great  power  economy  and  high  production  rates 
characteristic  of  the  chemigroundwood  process. 

Chemicals 

The  results  obtained  in  these  extensive  studies 
have  demonstrated  the  superiority  of  sodium  bicar¬ 
bonate  buffered  sodium  sulfite  liquors  for  these  pre¬ 
treatments.  Liquor  concentrations  of  from  0.50  to 
1.75  }X)unds  per  gallon  chemical  (calculated  as 
sodium  carbonate)  have  been  used  to  produce  satis¬ 
factory  chemigroundwood  pulps.  The  exact  concen¬ 
tration  of  chemical  is  determined  by  the  wood  spe¬ 
cies,  the  condition  of  the  wood,  the  length  of  the 
billet,  its  moisture  content  and  the  qualities  desired 
in  the  final  pulp.  Treating  liquors  of  this  composi¬ 
tion  have  pH  values  of  about  9.0  and  have  been 
shown  to  have  little  or  no  corrosive  action  on 
normal  iron  and  steel  equipment. 

Temperatures 

Studies  of  pretreating  schedules  has  indicated  that 
temperature  ranges  from  120°  to  180°C  and  time 
cycles  of  from  4  to  14  hours  may  successfully  be 
employed,  dependent  again  on  the  wood  used  and 
the  pulp  qualities  desired.  In  general  it  has  been 
found  that  the  higher  temperature  ranges  (150°C. 
and  higher)  and  the  more  concentrated  liquors 
(over  1.00  pound  per  gallon)  produce  the  strongest 
pulps.  Brightness  is  most  likely  to  be  impaired  in 
pretreatments  of  this  type  but  for  applications  where 
color  is  of  minor  importance,  the  greatest  strength 
may  be  achieved.  In  cases  where  brightness  and 
color  are  of  major  importance,  it  is  necessary  to 
adjust  the  temperature-time  cycles  in  order  to  pro¬ 
duce  pulps  which  are  readily  bleached  and  yet  have 
reasonably  high  physical  strength  characteristics. 
Low  temperatures  and  low  chemical  concentrations 
produce  the  brightest,  bulkiest  pulps,  having  the 
lowest  physical  strength  values. 

Power  and  Pulpstone  Requirements 

The  pretreatment  of  both  aspen  and  the  dense 
hardwoods  so  modifies  the  wood  that  power  require¬ 
ments  on  the  grinder  are  greatly  reduced  over  those 


Fig.  1. — Spruce  mechanical  pulp. 


Fig.  2. — ^Untreated  birch  mechanical  pulp. 


Fig.  3. — Birch  chemigroundwood. 


Fig.  4. — Untreated  aspen  mechanical  pulp. 
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required  for  grinding  spruce  or  untreated  hard¬ 
woods.  Spruce  groundwood  pulps  require  an  aver¬ 
age  power  input  of  about  70  horsepower  days  per 
ton  while  pretreated  hardwoods  require  only  about 
35  horsepower  days  per  ton  for  grinding.  Produc¬ 
tion  rates,  expressed  as  tons  per  square  foot  of 
grinding  area,  have  indicated  that  the  pretreated 
woods  can  be  ground  into  satisfactory  pulp  at  from 
two  to  three  times  the  rate  for  normal  softwood 
mechanical  pulp  production.  Stone  wear  is  reduced 
to  a  minimum  and  the  time  between  burring  cycles 
is  greatly  extended.  In  respect  to  stone  life,  labora¬ 
tory  stones  have  been  run  for  more  than  400  grind- 
^  ing  hours  without  reburring. 

Chemigroundwood  pulps  may  be  successfully  and 
economically  bleached  to  medium  or  high  white 
brightness  with  either  sodium  or  hydrogen  perox¬ 
ides  employing  the  same  techniques  and  equipment 
currently  used  for  groundwood  bleaching.  Recent 
work  has  shown  that  highly  buffered  calcium  hypo¬ 
chlorite  may  also  be  used  to  great  advantage  in 
improving  the  color  and  brightness  of  these  pulps. 

Possible  Applications 

With  this  brief  review  of  the  chemigroundwood 
process  and  the  indication  of  the  range  of  pulps 
this  process  offers  the  paper-maker,  the  possible 
applications  of  these  pulps  may  be  pointed  out.  The 
concept  of  "quality”  in  pulp,  as  in  any  commodity, 
will  vary  considerably  with  the  point  of  view  of  the 
consumer.  For  example,  a  manufacturer  of  absorbent 
tissue  grades  would  consider  a  pulp  of  good  bright¬ 
ness,  bulk  and  softness  as  having  qualities  he  de¬ 
sires.  Bleached  chemigroundwood  pulps  of  the  high 
bulk  types  can  well  fit  these  requirements.  The  pro¬ 
ducer  of  book  or  printing  grades  desires  cushion, 
good  formation  and  opacity  in  his  product  as  well 
as  physical  strength  sufficient  to  carry  the  paper 
through  the  presses.  Bleached  or  semi-bleached 
chemigroundwood  pulps  of  the  medium  strength 
categories  possessing  good  bulking  characteristics 
may  well  find  wide  application  in  this  field.  In  the 
production  of  corrugating  board,  liner  board  or 
wrappings  where  color  is  of  minor  importance  and 
physical  strength  constitutes  the  most  important 


quality,  high  strength  chemigroundwood  pulps 
appear  to  have  good  potential  applications.  These 
are  only  a  few  of  the  possible  uses  of  these  excep¬ 
tional  groundwood  pulps. 

Economic  Advantages 

The  high  yields  of  pulp  obtained  from  the  more 
dense  hardwoods,  coupled  with  greatly  reduced 
power  requirements  for  grinding,  high  production 
rates,  and  the  upgrading  of  pulp  quality  achieved 
by  the  chemigroundwood  process  make  the  process 
extremely  attractive  from  the  economic  standpoint. 
By  conservative  estimate  based  on  average  cost 
figures  for  wood,  labor,  steam  and  chemicals,  the 
cost  per  ton  for  producing  chemigroundwood  pulps 
of  high  quality  is  between  two-thirds  to  three- 
fourths  of  the  cost  of  producing  normal  spruce 
mechanical  pulps.  The  fact  that  chemigroundwood 
pulps  may  be  used  to  replace  some  of  the  more  ex¬ 
pensive  chemical  pulps  in  papermaking  furnishes 
serves  only  to  enhance  the  economic  advantages 
inherent  in  this  process.  Plant  investment  required 
to  install  the  chemigroundwood  process  in  a 
groundwood  mill  is  lower  than  that  required  for 
other  processes  utilizing  hardwoods  for  pulp  pro¬ 
duction. 

Summation 

In  summation  is  may  be  said  that  the  versatility 
of  the  chemigroundwood  process  and  the  wide 
range  of  pulp  qualities  obtainable  through  control 
of  the  treating  conditions  will  permit  those  skilled 
in  pulp  making  to  utilize  available  hardwood  species 
formerly  considered  unsuitable  for  mechanical  pulp 
manufacture.  The  high  yields  of  pulp  obtained,  the 
low  power  requirements  and  high  production  rates 
achieved  in  grinding,  coupled  with  the  desirable 
qualities  of  the  pulps  combine  to  present  an  eco¬ 
nomically  attractive  process  for  the  pulpmaking 
industry.  Commercial  application  of  this  process 
should  go  a  long  way  in  re-establishing  a  favorable 
economic  base  for  mills  in  those  areas  in  which  soft¬ 
woods  are  in  short  supply  and  permit,  with  good 
forestry  practices,  the  establishment  of  a  continuous 
supply  of  pulpwood  essential  to  their  continued 
operation. 


Discussion 

E.  M.  Logan  (Forest  Dept.  Kenya,  East 
Africa) :  Has  the  process  been  tried  with  any 
tropical  or  sub-tropical  hardwoods? 

Air.  Schaffrath:  No  experimental  work  has  been 
carried  out  on  these  species. 

Walter  H.  Koepp  (Michigan  College  of  Mining 
&  Technology)  :  How  is  the  bark  removed  from  the 
hardwood  pulp  sticks  prior  to  treatment? 

Air.  Schaffrath:  Most  of  the  wood  is  sap-peeled 
although  some  mechanically  barked  or  rossed  wood 
has  been  used  experimentally. 


Air.  Koepp:  Will  this  process  apply  to  all  species  ? 

Air.  Schaffrath:  Northern  hardwood  species  seem 
to  respond  most  favorably  to  treatment  by  the 
chemigroundwood  process.  There  is  still  not  enough 
experimental  evidence  to  warrant  conclusions  on 
other  species. 

John  Hanson  (Michigan  Dept,  of  Conservation)  : 
Have  pulp  mills  in  this  region  found  it  necessary 
to  offer  any  special  inducement  to  encourage  pulp- 
wood  cutters  to  produce  hardwood  pulp  species? 

Air.  Schaffrath:  Mills  have  not  yet  gone  into  com¬ 
mercial  production.  Inducements  required  will  de- 
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pend  upon  individual  mill  conditions  and  local 
wood  markets. 

Mr.  X:  What  possible  effects  would  the  indus¬ 
trial  application  of  the  chemigroundwood  process 
have  on  forest  management  practices  in  the  North¬ 
east? 

Mr.  Schaffrath:  The  development  of  this  process 
which  permits  the  economic  utilization  of  hardwood 
species,  would  possibly  stimulate  the  acceptance  of 
more  scientific  management  of  hardwood  stands 
and  lead  to  a  sustained  yield  forest  program.  The 
suitability  of  fast-growing  hybrid  poplars  in  this 
process  may  also  stimulate  more  intensive  tree 
farming  in  these  areas. 

Mr.  X:  Does  the  physical  condition  of  the  wood 
influence  the  choice  of  treating  conditions? 

Mr.  Schaffrath:  Yes.  In  the  case  of  freshly-cut 
wood  with  high  moisture  content,  higher  chemical 
concentrations  in  the  treating  Jiquors  are  required. 
Generally  moisture  contents  above  fiber  saturation 
are  undesirable  because  free  water  reduces  the  rate 
of  penetration  of  the  treating  liquors.  In  cases 
where  considerable  "wet  wood”  or  impenetrable 
heartwood  portions  are  present  in  the  wood,  tem¬ 
perature  schedules  may  have  to  be  adjusted  to  pre¬ 


vent  excessive  heat  discoloration  of  these  portions 
in  the  treating  operation. 

Mr.  X:  Do  southern  hardwoods  respond  in  the 
same  way  as  northern  hardwoods  to  the  chemi¬ 
groundwood  process? 

Mr.  Schaffrath:  While  experience  with  these 
woods  is  limited,  it  appears  that  woods  such  as  gum 
and  oak  do  respond  to  pretreatment  but  require 
slightly  different  techniques  than  those  employed 
for  northern  hardwoods. 

Mr.  X:  It  is  possible  to  produce  pulps  similar  to 
semi-chemical  pulps  by  the  chemigroundw'ood 
process  ? 

Mr.  Scbaffrath:  Yes.  Pulps  with  physical  strength 
characteristics  very  similar  to  semi-chemical  pulps 
have  been  produced  in  high  yields  with  this  process. 

Mr.  X:  Is  this  process  covered  by  patent  pro¬ 
tection  ? 

Mr.  Schaffrath:  The  chemigroundwood  process 
has  been  covered  by  patent  claims  designed  to  pro¬ 
tect  the  interests  of  the  sponsors  of  the  research 
program.  If  patents  are  granted,  it  is  the  intention 
of  the  sponsors  to  make  them  available  to  the 
industry'  at  nominal  fees. 
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The  overall  state  of  the  supplies  of  wood  for  the  forest  industries  is  surveyed  as  well  as  the  results  of  scientific 
and  empirical  research  looking  to  the  reduction  of  wood  residues  and  the  profitable  growing  of  timber. 


New  Plant  at  East  Antioch 

As  THE  attention  of  the  forest  products  industries 
-itV.of  the  United  States  turns  more  and  more  to  the 
complete  use  of  all  the  materials  taken  from  the 
forest,  the  eyes  of  the  industry  are  focusing  on  East 
Antioch,  California,  for  here,  at  the  new  San  Joa¬ 
quin  Division  of  Fibreboard  Products  Inc.  is  one  of 
the  most  complete  wood  utilization  programs  in  the 
nation. 

It  was  during  the  war  that  executives  of  Fibre- 
board  Products,  Inc.,  envisioned  a  great  pulp  and 
board  mill  on  the  banks  of  the  San  Joaquin  River 
just  four  miles  east  of  their  long-established  plant 
in  Antioch.  The  new  plant  is  part  of  a  10-year  ex¬ 
pansion  and  plant  betterment  program  started  in 
1946,  involving  capital  expenditures  upwards  of 
$50,000,000.  The  San  Joaquin  Division,  together 
with  the  timberlands,  private  railroad,  private  log¬ 
ging  roads,  and  receiving  yards  located  at  various 
points  in  the  state  represents  a  total  outlay  of  many 
millions. 

Fibreboard  began  acquiring  forest  lands  in  1947, 
purchasing  in  excess  of  75,000  acres  in  eastern  Cali¬ 
fornia  and  western  Nevada.  Majority  of  the  acreage 
lies  in  Placer,  Nevada,  and  Sierra  counties  adjacent 
to  Truckee,  California.  Hobart  Mills,  a  former  saw¬ 
mill  town,  seven  miles  north  of  Truckee,  was  pur¬ 
chased  as  a  headquarters  for  logging  activities. 

The  U.  S.  Forest  Service  and  private  owners  also 
control  a  large  acreage  of  timberland  tributary  to 
Hobart  Mills  and  Truckee.  Fibreboard  hopes  to  de¬ 
velop  a  cooperative  cutting  program  with  the  gov¬ 
ernment  and  other  owners,  whereby  orderly  cutting 
will  maintain  a  growing,  producing  forest  for  all 
time.  Forest  lands  near  Truckee  are  primarily  a  res¬ 
ervoir  of  supply  for  the  San  Joaquin  Division  mill 
at  East  Antioch. 

Here  are  principal  facts  about  the  new  San  Joa¬ 
quin  Division  of  Fibreboard  Products,  Inc: 

It  is  the  only  wood  pulp  and  board  mill  in  Cali¬ 
fornia,  or  anywhere  West  of  Texas,  and  Minnesota, 
outside  of  Washington  and  Oregon.  It  is  the  first 
kraft  mill  in  California  and  the  first  chemical 
process  mill  of  importance  since  a  sporadic  venture 
into  sulfite  in  the  last  century  in  this  same  region. 


Wood  Supply:  Timber  supply  will’  come  from 
cull  logs  in  virgin  timber  (mostly  red  and  white- 
fir)  from  75,000  aerfes  owned  by  Fibreboard,  Doug¬ 
las  fir  pulp-grade  logs  from  the  coastal  region  of 
California,  waste  from  sawmills  where  Fibreboard 
has  installed  chippers,  and  waste  from  planing  and 
plywood  mills  and  box  factories. 

"Tuf-Fir”  Mill;  The  new  "Tuf-Fir”  Mill  makes 
new  .009  kraft  corrugating  material,  said  to  be  the 
first  ever  made  100  percent  of  coniferous  wood  b)- 
the  Chemipulper-Defibrator  system,  trade  marked 
"Tuf-Fir”,  daily  capacity  140  tons.  The  mill  will 
use  wood  waste  3,000,000  board  feet  per  month, 
equivalent  to  6,000  cords.  Incoming  chips  are  stored 
in  two  new-type  outdoor  75-  by  1,600-foot  storage- 
troughs.  From  there  they  are  conveyed  to  blending 
tanks  and  screens,  following  that  in  order  to  3 
American  (Asplund)  defibrators  with  B-K  Reac¬ 
tion  chambers,  2-stage  IMPCO  washing  system, 
Sutherland  refiners,  Jordans,  a  Pusey  and  Jones  156- 
inch  Fourdrinier  seven-action  machine  with  GE 
sectionalized  amplidyne  drive  and  Ross  air  system. 
Spent  liquor  from  defibrators  is  recovered  in  thc 
kraft  mill. 

Kraft  Pulp  and  Board  Mill:  The  kraft  pulp  and 
board  mill  is  making  cartonboard  for  fooa  con¬ 
tainers,  from  bleached  pulp,  daily  capacity  125  tons 
of  board  and  25  additional  tons  of  unbleached  pulp 
for  other  Fibreboard  boxboard  plants.  (Uses  pulp 
grade  logs  at  a  rate  of  about  4,000,000  board  feet 
per  month,  the  equivalent  of  8,000  cords.)  Briefly, 
the  process  is  as  follows: 

Logs  are  hydraulically  barked  by  a  Bellingham- 
type  barker;  20-foot  logs  up  to  42-inch  diameter  go 
through  a  175-inch  chipper;  smaller  wood  to  an 
84-inch  chipper.  Large  chipper  is  believed  first  in 
entire  industry  to  be  driven  directly  by  a  steam  tur¬ 
bine,  through  a  gear  unit.  There  are  three  3,800- 
cubic-foot  stainless-steel  lined  digesters  equipped 
with  indirect  cooking,  believed  to  have  the  largest 
blow  lines  in  kraft  industry.  This  is  followed  by 
Impco  washing,  screening  and  decking,  Impco  four 
stage  bleach  process,  Sutherland  refiners,  Jordans, 
136-inch  Black-Clawson  10-section  machine  with 
multiple  generator  drive,  and  a  Langston  winder. 
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Water  use  from  the  San  Joaquin  River  totals  14 
million  gallons  daily.  A  Dorr  clarifying  system  is 
used.  Principal  chemical  units  are  Goslin-Birming- 
ham  sextuple  effect  evaporators,  Babcock  and  Wil¬ 
cox  100,000-pound-per-hour,  600-pound-pressure- 
recovery  boiler;  Research  Corporation,  precipitator; 
Dorr  causticizing,  Swenson  sludge  filter,  Allis- 
Chalmers  lime  kiln.  Two  B  &  W  boilers  of  160,000 
lbs.  per  hour  capacity  at  600  lbs.  pressure  each,  and 
GE  5000  KVA  turbine  generators  and  Westing- 
house  switchgear  feature  power  plant. 

Aside  from  the  physical  operation  of  the  San 
Joaquin  Division,  Fibreboard  and  the  entire  indus¬ 
try  are  chiefly  concerned  with  the  base  resource — 
wood.  The  forests  are  not  so  meager  as  to  cause 
public  alarm,  nor  are  they  so  abundant  to  justify 
complacency.  The  nations  wood  supply  is  not  being 
depleted,  nor  is  it  mounting  into  a  surplus. 

Evaluating  the  Forest  Resource 

Today  the  forests  of  the  United  States  are  esti¬ 
mated  by  the  U.  S.  Forest  Service  to  contain  1,601 
billion  Iward  feet  of  timber  or  in  other  words  there 
is  enough  sawtimber  standing  in  the  nation’s  forests 
today  to  build  a  six-room  house  for  every  man, 
woman  and  child  in  the  United  States,  with  lumber 
left  over.  Each  year,  new  growth  adds  35-billion 
board  feet. 

During  the  past  350  years  twice  as  much  wood 
has  been  removed  from  America’s  forests  as  was 
growing  here  when  the  first  English  settlers  arrived. 
A  little  over  one-third  of  it  was  used  for  man’s 
needs  and  comforts.  The  remainder  was  destroyed 
by  fire,  insects  and  disease. 

United  States  Forest  Service  Statistics  show  that: 

(1)  In  war  and  in  peace  this  nation’s  forests  have 
met  and  are  meeting  the  demands  made 
upon  them. 

(2)  Each  year  new  wood  growth  of  all  sizes 
equals  98  percent  of  the  amount  removed 
and  destroyed.  Only  25  years  ago,  41/^  times 
as  much  wood  was  removed  as  was  grown. 

(3)  For  30  years  there  has  been  a  definite  up¬ 
ward  trend  in  annual  growth.  The  timber 
crop  is  approaching  a  balance  with  wood 
consumption. 

Maintenance  of  this  trend  depends  on  the  atti¬ 
tudes  and  actions  of  timberland  owners,  forest 
products  industries,  government  agencies  and  the 
public  generally.  Each  has  a  definite  and  important 
stake  in  the  forest  resources.  Each  has  a  specific 
and  vital  job  to  do  if  full  and  continued  use  of  the 
country’s  forests  is  to  be  achieved. 

Over  300  years  ago,  the  American  was  concerned 
about  his  supply  of  wood.  He  had  too  many  trees, 
a  timber  supply  far  in  excess  of  his  needs.  He  had 
to  have  cleared  fields  for  his  crops;  the  forests  stood 
in  his  way.  Today,  three  centuries  later — ^with  his 
nation  built,  the  American  citizen  still  is  concerned 
about  his  wood  supply.  World  War  II’s  channeling 


of  forest  products  away  from  their  traditional  uses 
increased  public  concern.  Many  people- gained  an 
impression  that  the  nation  is  running  out  of  wood. 
This  time,  it  isn’t  a  matter  of  too  many  trees.  The 
question  is  how  much  lumber,  pulpwood  and  other 
usable  products  are  now  in  the  forests?  Is  there 
enough  now,  and  is  enough  growing  for  the  future? 
Not  in  three  centuries  has  there  been  so  much  pub¬ 
lic  interest  in  the  wood  supply  as  there  is  today. 
More  people  are  having  more  to  say  about  forest 
resources  than  ever  before. 

Of  course  trees  are  being  cut.  They  are  harvested 
as  cotton  and  corn  are  harvested  and  for  the  same- 
reason — to  supply  man’s  needs.  To  read  statistics 
on  volume  of  wood  being  removed  from  forests, 
without  considering  new  growth,  and  from  this  con¬ 
clude  the  wood  supply  is  reaching  an  end,  is  un¬ 
realistic.  It  is  just  as  illogical  to  read  the  obituary 
column  in  a  newspaper  while  ignoring  the  birth 
column,  and  thereby  conclude  man  is  becoming  ex¬ 
tinct.  In  1944,  timber  consumption  plus  estimated 
losses  from  fire,  insects,  and  disease,  amounted  ro 
54-billion  board  feet.  Even  if  all  growth  had  stopped 
then,  and  consumption  and  losses  continued  at  that 
war-year  rate,  the  existing  timber  supply  would  last 
for  decades.  Of  course,  forest  growth  never  stops. 
It  has  been  increasing'  steadily  since  the  first  de¬ 
tailed  estimate  was  made  30  years  ago.  In  fact  an¬ 
nual  timber  growth  now  is  nearly  four  times  greater 
than  in  1918. 

Measures  to  Reduce  Waste 

Until  recent  years,  if  more  than  37  percent  of  a 
tree  trunk  reached  its  ultimate  use,  it  was  a  real 
achievement.  Today,  in  some  of  the  larger  forest 
industry  plants,  70  percent  of  the  entire  tree-trunk, 
branches,  tops  and  bark  goes  into  commercially  use¬ 
ful  products.  Such  ultra-utilization  is  not  wide¬ 
spread,  but  the  trend  has  started  and  is  moving  rap¬ 
idly.  When  all  of  the  larger  operations  reach  this 
goal,  their  wood  savings  alone  will  add  greatly  to 
the  volume  of  usable  timber  products. 

Industry’s  ideal  method  of  attaining  maximum 
use  of  the  individual  tree  is  the  integration  of  sev¬ 
eral  manufacturing  operations  at  one  site.  Although 
small  firms  are  not  set  up  to  utilize  wood  so  closely 
at  individual  plants,  a  trend  has  started  among  them 
to  add  additional  units  whereby  many  leftovers  once 
wasted  can  be  turned  into  profits.  Some  have  in¬ 
cluded  flooring  plants,  others  have  installed  chip¬ 
ping  plants  for  pulpwood,  and  lately  small  dimen¬ 
sion  manufacturing  units  have  been  added. 

Equally  indicative  of  the  trend  is  the  increasing 
integration  of  several  industries  in  one  area.  One 
industry’s  waste  has  become  another’s  basic  raw  ma¬ 
terial.  Sawmill  operators  provide  neighboring  pulp 
mills  with  pulpwood,  and  pulp  mills  in  turn  may 
sell  sawlogs  to  sawmills. 

Progress  in  utilizing  more  of  each  tree  has  been 
augmented  by  improvements  in  mechanical  equip¬ 
ment.  Power  saws  encourage  cutting  trees  nearer 
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the  ground,  leaving  less  wood  in  stumps.  Modern 
logging  equipment  minimizes  damage  to  logs  and 
nearby  young  growth.  Hydraulic  methods  of  remov¬ 
ing  bark  and  the  use  of  whole  log  chippers  reduce 
wood  w'aste  by  as  much  as  10  to  15  percent. 

Achievements  of  Research 

Industry’s  progress  in  forest  conservation  and 
wood  utilization  may  be  attributed  largely  to  re¬ 
search.  In  hundreds  of  forest  research  projects,  sci¬ 
entists  are  seeking  new  uses  for  wood.  Reproductive 
and  growth  habits  of  each  commercial  species  have 
been  studied  in  widely  separated  timber  tracts.  More 
basic  knowledge  of  all  trees,  particularly  so-called 
"inferior”  or  "weed”  species,  has  been  developed. 
Research  technicians  in  government,  college  and 
university  and  industry  laboratories  have  put  innu¬ 
merable  wood  specimens  through  chemical  and  me¬ 
chanical  tests  to  develop  new  uses  and  products. 
They  have  converted  wood  waste  into  raw  materials 
having  no  appearance  of  natural  wood,  but  with 
broad  use  in  new  products.  For  instance,  wood 
ground  into  flour  makes  a  binder  for  plastics,  wood 
cellulose  transformed  into  fine  thread  makes  rayon, 
wood,  through  chemical  reactions,  produces  molasses 
for  stock  feed,  and  alcohol  for  industry.  Thin  wood 
sheets,  soaked  in  resin  and  placed  in  layers  under 
heat  and  pressure,  emerge  as  a  much  harder  material 
that  retains  wood’s  appearance.  Chips,  shavings  and 
sawdust,  mixed  with  resins  into  a  batter  and  pressed 
under  heat,  become  building  boards. 

Progress  in  wood  conversion  techniques  is  making 
an  important  contribution  to  the  nation’s  wood  sup¬ 
ply  through  use  of  trees  formerly  considered  un¬ 
suitable  for  cutting,  and  of  tree  wastes  heretofore 
of  no  value  except  as  fuel.  Improvements  in  equip¬ 
ment  and  methods  used  in  logging  operations,  saw¬ 
mills  and  manufacturing  plants  are  reducing  wood 
losses  and  producing  better,  more  economical  wood 
products.  Every  saving  in  wood  use  reduces  waste, 
thereby  increasing  the  volume  of  products  from  each 
tree. 

Nearly  $17,000,000  was  spent  in  1949  on  forest 
research  in  the  United  States,  of  which  $11,907,472, 
or  71  percent,  came  from  industry,  state  agencies, 
private  institutions  and  colleges.  This  was  230  per¬ 
cent  more  than  was  spent  in  1940  by  these  non- 
federal  agencies.  Industry  provided  $5,395,210,  or 
32  percent  of  the  1949  total.  In  addition  to  spend¬ 
ing  $12,000,000  annually  for  research,  state  and 
private  agencies  provided  $3,500,000  worth  of  land 
and  equipment  to  the  U.  S.  Forest  Service  for  ex¬ 
perimental  purposes  in  1949.  This  is  a  600  percent 
increase  over  1940. 

There  are  no  satisfactory  figures  on  waste  of  for¬ 
est  products  destroyed  or  not  used  which  are  eco¬ 
nomically  and  technically  usable.  The  Forest  Serv¬ 
ice  estimates,  based  on  its  definition  of  waste  as  any 
wood  product  not  used  regardless  of  its  economic 
value,  that  35  percent  of  the  timber  cut  or  damaged 
in  cutting  is  not  used  at  all  and  22  percent  is  used 


for  fuel  (other  than  cord  wood  cut  for  fuel)  in  a 
relatively  uneconomical  manner.  Much  of  this  waste 
may  not  prove  to  be  usable  at  any  time  in  the  near 
future.  It  appears  likely,  however,  that  substantial 
quantities  could  be  used  for  pulp  or  other  fibre 
products.  In  fact,  some  of  the  larger  operators  have 
invested  considerable  sums  in  equipment  to  produce 
by-products  and  obtain  as  near  complete  utilization 
of  forest  products  as  present  day  techniques  will 
permit. 

More  work  remains  to  be  done.  The  Forest  Prod¬ 
ucts  Laboratory  of  the  United  States  Forest  Service, 
the  laboratories  or  forestry  schools  at  the  state  uni¬ 
versities  in  California,  Oregon,  and  Washington, 
and  private  industry  may  be  able  to  make  even 
greater  progress  than  heretofore. 

Competition  for  Stumpage 

One  of  the  major  problems  confronting  the  wood 
using  industries  is  the  competition  for  stumpage. 
Even  though  figures  show  a  large  stand  in  the 
Pacific  Coast  area,  the  most  accessible  timber  has 
been  drawn  on  heavily.  At  the  same  time,  the  ply¬ 
wood  and  pulp  industries  have  increased  their  use 
of  timber  supplies.  Plywood  production  requires 
large  high-grade  logs,  though  the  pulp  industry 
can  use  smaller,  lower-grade  logs,  and  salvage  mate¬ 
rial  from  sawmills.  Nevertheless  the  several  de¬ 
mands  for  logs  create  a  situation  in  which  logs  will 
tend  toward  the  use  bringing  the  highest  return. 
Since  wood  consuming  plants  such  as  plywood,  pulp 
and  sawmills  represent  a  great  variability  with  re¬ 
spect  to  installed  cost,  it  is  logical  that  those  opera¬ 
tions  with  the  highest  investments  will  be  the  most 
active  in  seeking  long-range  timber  supplies. 

Harvesting  Practices 

Integration  in  the  State  of  California,  must  follow 
a  somewhat  different  course  than  other  regions  since 
the  timbered  areas  of  the  state  are  in  two  widely 
separated  areas,  the  Coast  and  the  Sierra,  with  diver¬ 
gent  practices  and  problems.  For  example,  in  the 
Sierras  partial  or  selective  cutting  has  been  a  com¬ 
mon  practice  in  most  areas  of  the  ponderosa  pine 
region  for  a  considerable  time.  The  employment  of 
partial  cutting  does  not  always  assure  that  the  best 
cutting  practices  are  being  observed.  For  example, 
if  all  trees  of  positive  value  are  removed,  some  trees 
may  be  taken  which  would  have  a  considerable 
growth  if  permitted  to  stand  for  a  longer  period. 

Since  the  ponderosa  pine  forests  are  largely  mixed 
age  stands,  selective  cutting  is  favored  by  the  cir¬ 
cumstances.  The  goal  should  be  to  remove  all  ma¬ 
ture  trees  (not  only  for  their  timber  value,  but  also' 
to  reduce  possible  insect  loss),  stimulate  growth  of 
thrifty  trees,  and  hasten  reproduction.  Trees  having 
a  potential  high-value  growth  increment  should  be 
permitted  to  stand  for  cutting  in  the  future.  It  ap¬ 
pears  that  these  aims  might  make  for  a  lighter  cut 
than  has  heretofore  been  the  practice  on  a  substan¬ 
tial  portion  of  the  operating  lands.  On  a  number  o^F 
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operations  light  cutting  is  already  the  practice.  Poli¬ 
cies  in  exchanging  Federal  stumpage  for  private 
lands  may  make  the  extension  of  the  practice  more 
feasible. 

However,  on  the  Coast  there  are  mixed  stands  of 
Douglas  fir  and  other  species,  many  Douglas  fir 
forests  tending  to  be  homogeneous.  Selective  cut¬ 
ting — removal  of  mature  trees  or  high  quality  trees 
only — is  not  the  desirable  practice  in  such  stands. 
Douglas  fir  tends  to  grow  in  uniform  age  stands 
and  requires  a  considerable  amount  of  sunlight. 
Regeneration  requires  clear-cutting  the  land  in  such 
a  manner  as  to  permit  adequate  reseeding  and  ade¬ 
quate  sunlight  for  the  young  stand.  This  practice  is 
now  followed  on  most  well-managed  operations  by 
clear-cutting  in  blocks  of  from  40  to  100  acres  and 
leaving  seed  trees  in  fairly  substantial  blocks  about 
the  cutover  area.  Some  controversy  exists  as  to  the 
size  of  the  area  that  should  be  cut  over,  but  in  gen¬ 
eral  the  principle  of  clear-cutting  is  accepted.  Leav¬ 
ing  seed  trees  dispersed  over  the  area,  which  might 
suffice  in  other  stands,  will  not  do  for  Douglas  fir. 
Trees  not  protected  from  the  wind  tend  to  blow- 
over,  except  on  gravelly  soils,  because  of  the  root 
structure.  The  practice  of  leaving  the  seed  trees  ad¬ 
jacent  to  the  area  has  proved  to  be  the  most  satis¬ 
factory  method.  The  difference  in  cutting  practice  is 
reflected  in  the  w'aste  factor  from  logging  and  saw¬ 
mill  operations  and  has  a  direct  bearing  on  pulp 
wood  procurement. 

It  Pays  to  Grow  Trees 

Today,  more  than  ever  before,  it  pays  to  grow' 
trees!  TTie  profit  motive  now  gives  greater  incentive 
to  owners  of  timber  tracts  and  woodlots  to  grow. 


protect  and  harvest  trees  as  a  crop.  Within  the  past 
decade,  American  forestry  has  been  undergoing  a 
transition  from  the  old  economy  into  a  new,  more 
stable  one.  The  old  economy  was  one  of  forest 
liquidation.  As  population  increased,  the  necessity 
for  cleared  land  grew.  The  abundance  of  trees 
made  wood  excessively  cheap  and  encouraged  ex¬ 
travagance.  Throughout  most  of  the  nation’s  his¬ 
tory,  wood-dependent  industries  have  drawn  on  vir¬ 
gin  forests,  a  stockpile  of  raw  material  prepared 
and  waiting  for  them.  That  economy  now  is  com¬ 
ing  to  a  close.  Timberland  ownership  is  passing 
into  a  new  phase — the  economy  of  tree  growing — 
tree  farming.  Virgin  forests  have  been  removed 
from  more  than  90  percent  of  the  commercial  for¬ 
est  area.  The  bulk  of  future  timber  production  must 
come  from  new  forests.  The  nation’s  timber  growth 
has  climber  steadily  since  1900  as  static  old-growth 
forests  were  removed  and  management  of  second- 
growth  forests  improved.  As  long  as  standing  tim¬ 
ber  was  available  at  50^  to  $1.00  per  thousand  board 
feet,  it  was  more  economical  for  a  sawmill  to  pack 
up  and  move  than  to  grow  its  timber.  But  today, 
the  valu^  of  timber  in  the  United  States  has  risen 
to  the  point  where  it  now  pays,  in  most  areas,  to 
grow  trees  as  a  crop. 

Emergence  into  the  new  forest  economy  by  pri¬ 
vate  industry  has  brought  unprecedented  progress  in 
protection  and  overall  management  of  timberlands, 
in  utilization  of  forests  and  forest  products  and  in 
the  technique  and  equipment  used  in  harvesting  and 
processing.  It  has  done  much  toward  solving  forest 
reproduction,  reseeding  and  planting  problems. 


Discussion 

£.  G.  Locke  (Forest  Products  Laboratory) :  Utili¬ 
zation  of  sawmill  and  veneer  plant  left-overs  at 
this  mill  has  done  much  to  teach  the  mill  operators 
the  value  of  working  together  and  with  other 
groups.  I  understand  that  the  timberland  purchased 
will  be  used  as  a  stand-by  and  that  the  main  supply 
of  raw  material  comes  from  other  primary  plants. 
Stream  pollution  has  been  solved  by  putting  the 
waste  liquors  of  the  semi-chemical  mill  through 
the  kraft  recovery  plant. 

C.  R.  Silversides  (Albitibi  Power  &  Paper  Com¬ 
pany)  :  Please  give  some  details  of  your  method  of 
outdoor  storing  of  chips — is  there  any  apparent 
heating  or  deterioration  of  chips — what  type  of 
waste  is  used.^ 

Afr.  More):  The  chips  are  piled  to  a  height  of 
approximately  50  feet  from  the  bottom  of  the 
trough,  which  is  20  feet  deep.  The  trough  was  bull¬ 
dozed  out  of  the  earth.  Our  mill  is  situated  on  a 


river  bank  and  the  soil  is  100  percent  sand.  This 
made  it  necessary  to  oil  the  sand  in  the  troughs  to 
hold  it  in  place.  However,  with  a  more  stable  type 
of  soil,  we  question  that  this  would  be  necessary. 
We  leave  from  12  inches  to  18  in'hes  of  chips  in 
the  pits  at  all  times,  and  in  that  way  we  do  not  pick 
up  any  sand  or  dirt  when  the  chips  are  reclaimed 
from  the  pits. 

As  a  general  practice  the  chips  are  left  in  the 
piles  from  eight  to  ten  months,  but  at  one  time 
they  were  left  there  for  about  twenty-four  months 
without  serious  deterioration.  The  highest  tempera¬ 
ture  recorded  in  the  piles  to  date  is  107°  Fahren¬ 
heit.  In  regard  to  mill  waste  we  are  using  sawmill 
slabwood  waste,  box  factory  and  planing  mill  trims 
and  ends,  waste  from  plywood  mills  in  the  form  of 
cores,  reject  peelei  blocks,  and  reject  veneer  sheets. 
An  article  in  the  June,  1950,  issue  of  "Pulp  and 
Paper”  enlarges  on  the  information  presented  in 
my  paper  and  includes  photographs  which  you  may 
find  of  interest. 


The  Utilization  of  Wood  Waste  in  the  Manufacturing  of 
Chemical  Pulps  in  the  Pacific  Northwest 


R.  N.  Hammond,  Pulp  Division,  Weyerhaeuser  Timber  Company,  Longview,  Washington 


The  development  of  heavy  modern  chippii^  and  barking  equipment  has  greatly  increased  the  tonnages  of  goods 
and  sawmill  wastes  available  as  operating  supplies  for  chemical-pulp  conversion  in  the  Pacific  Northwest.  The  use  of 
new  equipment  and  methods  is  especially  siraificant  in  the  case  or  the  tree-farm  integrated-plants  combination.  The 
development  of  and  general  use  of  universally-reliable  measurement  methods  for  the  waste  materials  would  be  desirable. 


Introduction 

The  use  of  wood  waste  in  the  production  of 
sulfite  and  sulfate  chemical  pulps  is  closely 
related  to  a  number  of  economic  factors  which  must 
be  considered  parallel  with  technical  developments 
also  affecting  wood  waste  utilization.  This  discus¬ 
sion  is  intended  to  highlight-wood  use  changes  and 
the  basic  causes  of  such  changes  in  the  pR)duction 
of  chemical  pulps  from  coniferous  species,  particu¬ 
larly  in  the  Pacific  states  and  British  Columbia,  as 
this  area  has  been  a  primary  producer  of  so-called 
"wood  waste”  since  the  advent  of  the  earliest 
settlers. 

Early  Raw-material  Economics 

In  the  early  days  the  heavy  equipment  needed  for 
logging  large  timber,  rough  terrain,  and  similar 
well-known  difficulties  encountered  in  bringing 
select  Douglas  fir  logs  to  the  sawmills,  made  a  type 
of  "high  grading”  the  only  economically  practical 
method  of  obtaining  any  return  from  the  overripe 
forests  of  the  area.  Douglas  fir  had  the  desirable 
high  strength  properties  and  good  durability  for 
construction  and  finish  lumber  and  along  with 
western  red  cedar  for  shingles  could  sustain  a  per¬ 
manent  place  in  the  local  and  national  markets. 
Transportation  costs  plus  the  availability  of,  and 
primary  demand  for  clear  Douglas  fir  lumber  stock 
made  it  economically  impossible  to  use  the  lower 
grade  material  and  secondary  western  hemlock  and 
true  fir  species  in  proportion  to  their  availability. 
Thus,  to  the  extent  this  wood  could  not  be  used, 
it  was  left  in  the  woods. 

The  era  previous  to  1920  saw  the  beginnings  of 
the  chemical  pulp  industry  in  the  area  and  the  ready 
availability  of  low-cost  hemlock  made  it  the  prin¬ 
cipal  species  used,  although  the  earlier  mills,  with 
production  consisting  largely  of  newsprint,  de¬ 
pended  chiefly  on  cottonwood,  and  sitka  spruce. 
During  this  era  the  true  firs  and  Douglas  fir  were 
used  to  only  a  slight  extent  in  pulping.  In  1921  the 
total  Pacific  states  production  of  all  types  of  wood 


pulp  was  approximately  220  thousand  tons  and  by 
1949  this  production  had  increased  approximately 
10  times  to  over  2  million  tons.  During  this  period 
two  general  developments  in  increased  chemical 
pulp  production  took  place. 

First,  because  of  the  ready  availability  and  low 
cost  of  the  sulfite  species  of  western  hemlock  and 
the  associated  true  firs  plus  pulping  and  paper  mak¬ 
ing  technical  developments,  a  great  expansion  in  the 
production  of  many  types  of  sulfite  pulps  took  place. 
The  waste  aspects  of  the  use  of  hemlock  were  sec¬ 
ondary  during  this  period  except  to  the  extent  that 
subsidiary  species  having  a  lower  market  value 
found  a  steady  dependable  market.  In  many  in¬ 
stances  this  also  was  the  beginning  of  an  integrated 
forest  products  industry,  since  in  several  mills  desir¬ 
able  lumber  or  box  material  was  removed  from  the 
logs  previous  to  chipping  and  pulping.  This  devel¬ 
opment  was  also  important  in  the  gradual  evolution 
of  forest  management  plans  for  Pacific  coast  forests 
in  that  the  large  investments  inherent  in  chemical 
pulping  operations  necessarily  implied  a  steady 
market  for  wood  supplies. 

Important  factors  in  this  sulfite  pulp  expansion 
were  the  technological  advances  in  bleaching  equip¬ 
ment  and  knowledge,  the  wider  use  of  strong  acid 
systems,  and  the  realization  by  eastern  paper  makers 
and  the  cellulose  chemical  industry  that  western 
hemlock  could  be  processed  to  produce  several  types 
of  high-grade  desirable  wood  pulp.  Between  1920 
and  1930  pulp  production  had  doubled  in  Oregon 
and  British  Columbia  while  Washington  showed  an 
increase  from  95,000  tons  per  year  to  566,000  tons. 
Kraft  mills  were  also  established  to  a  lesser  extent 
in  this  decade  and  a  number  of  the  new  mills  were 
set  up  to  operate  largely  on  hemlock,  spruce  and 
Douglas  fir  mill  waste.  An  outstanding  example  of 
one  type  of  cooperative  operation  was  the  Longview 
Fibre  Company  kraft  mill  designed  to  operate  on 
the  Douglas  fir  mill  waste  of  the  large  adjoining 
sawmills  of  the  Long-Bell  Lumber  Company.  The 
Longview  Fibre  mill  began  operations  in  1927  and 
has  continued  operations  to  the  present  time  on  an 
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ever  expanding  *scale  in  which  sawmill  waste  has 
been  a  major  source  of  raw  material. 

By  1929  the  pulp  and  paper  industry  had  also 
become  a  primary  customer  for  hog  fuel  wood  man¬ 
ufactured  to  supply  the  mill  power  requirements. 
Approximately  25  percent  of  the  hog-fuel  produc¬ 
tion  in  the  Pacific  Northwest  was  used  in  the  pulp 
and  paper  mills. 

Between  1931  and  1940  the  installed  daily 
24-hour  capacity  for  chemical  pulp  production  in¬ 
creased  in  Washington  from  approximately  2,300 
tons  to  4,100  tons  while  moderate  increases  in  mill 
capacities  took  place  in  Oregon  and  British  Colum¬ 
bia  to  give  a  general  increase  for  the  period  of  from 
3,475  tons  to  5,700  tons.  The  increase  was  largely 
in  sulfite  production,  2,000  tons  per  day  of  increased 
capacity  being  built  during  this  period. 

Influence  of  Modern  Barkers  and  Chippers 

In  1942  the  first  commercial  hydraulic  barker  and 
whole-log  chipper  were  placed  in  operation  at  the 
Everett  Sulfite  Mill  of  the  Weyerhaeuser  Timber 
Company.  As  you  undoubtedly  know%  several  types 
of  hydraulic  barkers  have  been  designed  and  the 
several  types  have  been  installed  at  many  of  the 
mills  since  that  time.  This  development  has  had  a 
far-reaching  effect  on  the  utilization  of  waste  in 
both  sulfite  and  sulfate  pulping  in  recent  years.  The 
immediate  effect  of  whole-log  barking  and  chipping 
was  the  virtual  elimination  of  sawmill  breakdown 
equipment  and  power  barkers  for  cants  and  slabs. 
This  resulted  in  approximately  20  percent  more 
wood  in  the  form  of  usable  pulp  wood  chips  which 
had  formerly  been  reduced  to  sawdust  and  hog  fuel 
by  the  saws  and  power  barkers.  The  only  loss  that 
might  be  called  wood  waste  ahead  of  the  chipper 
was  the  loose  slivers  on  the  logs  and  a  minimum  of 
saw  kerf  loss  for  the  small  percentage  of  logs  too 
large  or  irregular  in  shape  for  chipping.  These  large 
logs,  sectioned  on  a  simple  band  mill  subsequent  to 
hydraulic  barking,  were  readily  chipped  in  the  form 
of  quarter  or  half  logs. 

Two  further  developments  in  hydraulic  bark  re¬ 
moval  have  occurred  in  the  building  of  slab  and 
small-log  barkers.  Both  types  of  equipment  in  vari¬ 
ous  designs  are  now  found  in  general  use  in  many 
mills.  The  slab  barkers  have  made  practical  the 
wider  use  of  sawmill  waste  where  primary  hydraulic 
barking  is  not  done  by  making  barking  less  hazard¬ 
ous,,  and  saving  a  much  higher  percentage  of  usable 
wood  for  chips  than  was  possible  with  power  cutter- 
knife  equipment.  It  is  difficult  to  separate  from  gen¬ 
eral  sawmill  waste  use,  the  added  pulp  wood  pro¬ 
duction  due  to  hydraulic  barking  of  slabs.  However, 
a  general  indication  of  the  increased  wood  for  chip¬ 
ping  made  available  by  the  removal  of  bark  from 
slab  wood  is  found  in  an  estimate  of  the  difference 
in  the  amount  of  bark-free  wood  available  for  pulp 
chips  from  two  Douglas  fir  sawmill  operations.  In 


one  of  the  mills  the  logs  were  barked  previous  to 
sawing.  This  resulted  in  73  percent  more  usable, 
bark-free  wood  in  the  form  of  chips,  from  sawing^ 
the  logs  which  had  been  previously  barked.  Stated 
another  way,  if  it  is  assumed  that  2,300  board  feet 
log  scale  are  required  to  produce  a  ton  of  dry,  bark- 
free  wood  in  the  form  of  chips  in  a  conventional 
sawmill  without  a  hydraulic  barker  ahead  of  the 
mill,  the  addition  of  a  barker  would  make  it  pos¬ 
sible  to  produce  a  ton  of  dry  chips  for  each  1,320 
board  feet  log  scale  cut.  This  would  indicate  that  a 
ton  of  dry  wood  in  the  form  of  slabs  containing 
bark  is  recovered  for  approximately  each  1,000 
board  feet  log  scale.  These  log-scale-per-ton-of-chips 
values  of  course  must  be  considered  only  in  the 
nature  of  an  illustration  as  they  will  change  with 
each  type  of  lumber  cut,  with  variations  in  mill 
equipment,  size  of  logs  and  species  cut. 

Amounts  of  Waste  Used 

A  general  survey  of  the  amount  of  sawmill  waste 
utilization  by  sulfite  mills  at  the  present  time  results 
in  an  estimate  of  5  percent  of  the  total  wood  supply, 
with  various  mills  using  from  zero  to  over  15  per¬ 
cent  hemlock  and  other  suitable  sulfite  sawmill 
wastes.  With  approximately  1}/^  million  air-dry  tons 
of  sulfite  production  expected  in  the  Pacific  North¬ 
west  for  1951  the  amount  of  pulp  derived  from 
sawmill  waste  can  be  estimated  at  60  thousand  AD 
tons.  The  use  of  sawmill  waste  for  kraft  pulp  pro¬ 
duction,  consisting  primarily  of  Douglas  fir  mill 
waste,  presents  a  very  different  picture  than  that  of 
sulfite.  Kraft  pulp  mills  use  from  30  percent  to  over 
80  percent  of  this  type  of  wood  with  an  estimated 
overall  percentage  of  50  percent.  There  are  7  kraft 
mills  in  the  Pacific  Northwest;  all  with  the  possible 
exception  of  one  use  sawmill  waste  as  a  sizeable 
part  of  their  wood  supply.  With  approximately  700 
thousand  AD  tons  of  sulfate  pulp  production  for 
1951,  the  amount  of  pulp  derived  directly  from  mill 
waste  can  be  estimated  at  350  thousand  AD  tons. 
The  total  chemical  pulp  production  directly  derived 
from  sawmill  waste  wood  is  thus  estimated  to  be 
over  4  hundred  thousand  AD  tons,  for  the  Pacific 
Northwest  in  1951. 

Another  type  of  wood  waste  of  a  similar  nature 
which  has  come  into  general  use  for  chemical  pulp 
production  is  the  residue  from  plywood  plants.  This 
waste  is  in  two  forms — chippw  veneer  waste  pro¬ 
duced  with  veneer  chippers,  usually  at  the  plywood 
plant,  and  to  a  smaller  extent  peeler  cores  which  are 
competitively  used  for  fuel  and  as  small  saw  logs. 
This  material  is  used  largely  for  sulfate  pulping  as 
the  plywood  industry  in  the  Pacific  Northwest  uses, 
predominantly,  Douglas  fir  peeler  logs.  The  per¬ 
centage  of  sulfate  wood  supply  derived  from  ply¬ 
wood  plants  is  estimated  at  12  percent  of  the  total. 
This  1951  production  is  expected  to  be  equivalent 
to  approximately  85  thousand  AD  tons  of  sulfate 
pulp. 
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New  Methods  and  Equipment  Aid  Bleached 

Kraft  Supply 

'  Just  as  the  development  of  better  bleaching  tech¬ 
niques  contributed  to  the  growth  of  the  western 
hemlock  sulfite  pulp  mill  expansion  by  supplying 
high-grade  pulps  for  eastern  markets,  the  formula¬ 
tion  of  successful  commercial  methods  for  the 
bleaching  of  top  grade  kraft  paper  pulps,  particu¬ 
larly  Douglas  nr,  has  and  is  contributing  to  the 
building  of  a  bleached  kraft  industry.  This  devel¬ 
opment  was  necessary  to  obtain  full  use  of  the 
potential  wood  supply  and  sufficiently  widen  the 
markets  for  sulfate  pulp  beyond  the  board  and  un¬ 
bleached  kraft  paper  field  thus  forming  a  balanced 
sulfate  pulp  industry. 

The  whole-log  hydraulic  barking  machines  are 
making  a  joint  technical  contribution  with  bleach¬ 
ing  methods  to  this  pulp  expansion  by  providing 
much  larger  quantities  of  sawmill  waste  and  con¬ 
tributing  to  the  practical  utilization  of  both  small 
and  large  marginal-value  logs  from  woods  opera¬ 
tions.  The  barking  of  sawmill  logs  before  reaching 
the  head  rig,  as  previously  stated,  increases  by 
approximately  73  percent  the  clean  bark-free  usable 
wood  available  for  chips.  This  has  been  particularly 
important  on  the  mill  waste  utilization  scene  as  the 
large  quantities  of  clean  wood  produced  have  given 
added  impetus  to  the  development  of  bleached  kraft 
pulp  production  of  high-grade  paper  pulps  for 
eastern  markets.  The  relatively  complete  elimination 
of  bark  from  the  chips  is  of  much  greater  impor¬ 
tance  for  this  type  of  pulp. 

Small-log  Use 

The  hydraulic  barkers  have  also  contributed 
greatly  to  the  increased  use  of  small  logs  and  mar¬ 
ginal  value  cull  and  "wood”  logs.  The  wood-log 
grade  is  a  designation  for  a  log  which  is  below  No. 
3  grade  and  above  the  cull.  They  are  usually  the 
major  product  of  logging  salvage  operations.  The 
cull  or  wood  logs  would  normally  be  left  in  the 
woods  if  logging  operations  were  carried  out  only 
for  sawmill  operations.  However,  they  contain  large 
portions  of  usable  fiber  for  pulping.  The  good 
sound  fiber  in  these  logs  often  tends  to  lie  near  the 
bark  so  that  much  of  this  good  wood  fiber  would 
be  lost  except  for  hydraulic  bark  removal.  The  same 
advantage  applies  to  the  prelogging  or  relogging  of 
small  logs  from  small  trees  associated  with  stands 
of  large  timber.  Mechanical  barking  of  this  mate¬ 
rial  causes  large  percentage  losses  of  good  wood  and 
drum  barking  increases  the  dirt  problem  in  connec¬ 
tion  with  the  bleached  pulps.  Hydraulic  barking  has 
thus  widened  the  use  of  both  small  sound  logs  and 
large  marginal  value  logs. 

The  combined  use  of  cull  and  wood  logs  together 
with  small  prelogged  and  similar  wood  waste  in¬ 
cluding  salvaged  material  is  relatively  a  small  per¬ 
centage  of  the  wood  supply  for  sulfite  operations, 
approximately'  4.5  percent  of  the  total  wood  use. 


This  includes  about  65  percent  western  hemlock, 
the  remainder  being  true  nr  with  a  small  percentage 
of  sphice.  This  represents  roughly  55  thousand  tons 
of  AD  sulfite  pulp  production  from  types  of  wood 
which  were  largely  logging  waste  in  the  1930’s. 

The  use  of  this  salvage  and  lower-than-lumber- 
grade  type  of  material  in  the  form  of  Douglas  fir 
for  sulfate  pulp  constitutes  a  major  portion  of  the 
wood  supply.  It  is  estimated  that  about  25  percent 
of  the  wood  used  in  producing  sulfate  pulp  in  the 
Pacific  Northwest  is  directly  derived  from  this  grade 
of  wood.  This  will  account  for  approximately  175 
thousand  AD  tons  of  pulp  in  1951,  giving  a  total 
of  230  thousand  AD  tons  of  chemical  pulp  produc¬ 
tion  from  salvage  logging  of  material  formerly  con¬ 
sidered  waste.  No  attempt  has  been  made  in  this 
paper  to  discuss  the  many  experiments  and  varia¬ 
tions  in  method  of  bundling  or  bringing  logging 
waste  to  the  mills.  Many  salvage  methods  and  ex¬ 
periments  have  been  adequately  discussed  in  current 
literature  and  are  now  evolving  into  commercial 
usefulness. 

Material  Must  Be  Competitive 

However,  one  principle  must  always  be  remem¬ 
bered  in  relation  to  the  successful  use  of  any  forest 
product,  whether  it  be  sawlogs  or  the  types  of  waste 
under  discussion  here.  The  cost  of  removal,  han¬ 
dling  and  processing  to  the  final  usable  form,  chips 
in  the  case  of  chemical  pulps,  must  (1)  be  com¬ 
petitive  or  cheaper  than  material  produced  from 
logs  by  conventional  methods,  and  (2)  be  obtain¬ 
able  in  reasonably  sustained  and  sufficient  quantities 
to  justify  the  capital  investment  in  handling,  bark¬ 
ing  or  other  necessary  equipment  for  final  conver¬ 
sion.  Large  quantities  of  existing  waste  material  are 
at  locations  which  cannot  be  profitably  recovered. 
Of  course,  under  any  type  of  allocation  or  artificial 
conditions  such  as  may  develop  in  times  of  war  or 
national  emergencies,  the  economic  laws  of  supply 
and  demand  are  restrained  as  we  all  well  know. 
The  shortages  in  pulp  wood  which  developed  during 
the  1940’s  were  in  many  cases  primarily  due  to 
shortages  of  equipment  or  manpower  or  both,  but 
the  emergency  salvage  methods  developed  during 
that  period  have  in  many  instances  proven  to  have 
a  permanent  place  in  the  industry. 

Tree-farm  Integrated-plants  Operations 

The  development  of  tree  farms  and  permanent 
forest  management  plans  for  forest  land  areas  are 
becoming  a  part  of  the  operation  of  most  large-scale 
pulp  producers  in  the  Pacific  Northwest.  The  plants 
suitable  for  integrated  utilization  of  the  variable 
types  and  species  of  wood  found  in  our  forests  and 
the  developed  wastes  from  these  plants  niust  be  effi¬ 
ciently  used  for  sustained  yield  operation  of  the  for¬ 
ests.  This  condition  is  usually  most  efficiently  real¬ 
ized  under  conditions  of  large  forest-land  owner¬ 
ship  Or  management  serving  large  manufacturing 
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plants  and  balanced  with  the  production  capacity  of 
the  forest,  in  both  type  and  quantity  of  wood. 

The  Longview  operation  of  the  Weyerhaeuser 
Timber  Company  is  an  outstanding  example.  Logs 
suitable  for  the  production  of  lumber,  plywood  and 
sulfite  pulp  are  concentrated  at  the  plant  site  from 
logging  operations,  principally  on  the  nearby  St. 
Helens  Tree  Farm.  All  of  the  types  of  sawmill 
waste  previously  discussed  are  converted  into  chips 
at  convenient  sites  and  conveyed  to  the  sulfate  pulp 
mill  bins.  Prelogged  small-diameter  logs  in  bundles 
from  the  woods  operations  are  also  a  contribution  to 
sulfate  pulp  production  after  passing  through  a 
small-log  barker.  Cull  and  wood  logs  are  removed 
in  the  primary  logging,  hydraulically  barked,  and 
chipped  in  a  whole-log  chipper.  These  chips  added 
to  chips  from  other  waste  makes  up  practically  all 
of  the  required  wood  for  the  200-ton  bleached  sul¬ 
fate  mill.  In  such  an  integrated  manufacturing-and- 
tree-farm  operation  additional  by-product  develop¬ 
ments  include  the  production  of  pres-to-logs  for 
domestic  fuel  from  low-moisture-content  finely  di¬ 
vided  planer  mill  waste,  and  the  manufacture  of 
several  useful  products  from  the  bark  separated  from 
the  peeler  logs  in  the  veneer  plant. 

The  large  investments  involved  in  hydraulic  bark¬ 
ers,  to  say  nothing  of  pulp  mills,  makes  complete 
wood  utilization  difficult  for  the  small  sawmill  or 
wood  manufacturing  plant.  However,  a  trend 
towards  more  complete  utilization  of  wood  wastes 
at  a  profit  in  these  mills  is  indicated  by  the  fact  that 
over  60  chippers  have  been  installed  or  are  about 
to  be  installed  in  connection  with  sawmill  and  ply¬ 
wood  plants  in  Washington,  Oregon,  and  Cali¬ 
fornia.  Chips  from  these  will  add  to  the  supply  for 
existing  kraft  pulp  mills. 

The  Problem  of  Wood  Measurement 

With  the  utilization  of  so  many  types  of  wood 
waste  in  the  production  of  chemical  pulp,  wood 
measurement  methods  have  become  a  major  prob¬ 
lem.  Measurements  in  cords,  log  scales,  chip  and 
waste  units,  and  by  weight  result  in  a  very  compli¬ 
cated  picture  in  which  many  conversion  factors,  sub¬ 
ject  to  wide  errors,  are  involved.  An  analysis  of  the 
basic  variables  inherent  in  such  measurements  ap¬ 
pears  to  be  in  order.  Pulp  production  is  universally 
measured  by  weight  in  air-dry  tons.  The  important 
measurements  to  the  pulp  producer  are  weight  yield 
in  percentage  and  weight  yield  per  unit  volume  of 
digester  space.  Weight  yield  per  unit  volume  of 
dig^ter  space  is  a  direct  function  of  weight  of  chips 
per  unit  of  volume  and  thus  of  weight  per  unit 
volume  of  solid  wood  as  received.  The  logical 
method  of  measurement  of  wood  as  a  pulp  raw 
material  is  either  by  AD  weight  or  by  actual  volume 
of  solid  wood.  The  more  common  methods  of  wood 
measurement  are  based  upon  a  log  scale  or  cord 
measurement.  Both  of  these  present  difficulties  in 
calculating  exact  amounts  of  wood  available  for 
pulping. 


The  commercial  log  scale  measurements  are  de¬ 
signed  to  measure  the  board  feet  of  lumber  that  may 
be  cut  from  a  log  and  not  necessarily  its  total  wood 
volum.  The  relation  between  log  scale  and  wood 
volume  varies  with  the  size  of  the  log.  For  example, 
using  an  average  specific  gravity  of  0.45  and  the 
log  scale  rule  for  32-foot  Douglas  fir  logs,  a  50- 
inch-diameter  log  gives  515  bd.  ft.  for  each  ton  of 
wood;  a  10-inch  log  gives  274  bd.  ft.  per  each  ton 
of  wood.  Thus,  log  scale  is  not  directly  related  to- 
the  weight  of  wood  or  the  weight  of  pulp  that  can 
be  produced  from  a  given  log.  Variations  in  trim 
and  defect  subtractions  normally  applied  in  log  scal¬ 
ing  also  have  a  marked  effect  on  the  weight  per  unit 
of  log  scale. 

Cord  measurements  are  inaccurate  in  small-log 
wood  because  of  variations  in  voids.  This  difficulty 
becomes  particularly  great  in  prelogged  wood  be¬ 
cause  of  the  common  practice  of  bundling  logs  of 
long  length  together  with  straps  and  handling  the 
unit  bundle.  Volume  measurements  of  mill  waste 
are  also  subject  to  great  variations  as  regards  voids 
and  if  the  wood  is  closely  piled  often  cause  an  in¬ 
crease  in  cost  due  to  the  lalx)r  involved  in  stacking. 
An  average  cord  is  often  estimated  to  contain  90 
cubic  feet  of  solid  wood  and  variations  will  often 
be  as  great  as  10  cubic  feet  per  cord.  At  90  cubic 
feet  per  cord  Douglas  fir  of  normal  density  will 
yield  an  AD  ton  of  wood  for  each  0.71  cord.  At  a 
wood  volume  of  80  cubic  feet  per  cord  the  yield  will 
be  an  AD  ton  for  each  0.80  cord.  Variations  in  bark 
thickness  and  the  trim  length  of  limbs  as  well  as 
other  individual  wood  shape  variations  all  lead  to- 
inaccuracies  in  cord  measurements.  The  labor  in¬ 
volved  in  measuring  cord  wood  must  also  be  con¬ 
sidered  in  any  evaluation  of  pulp  wood  measurement 
methods. 

Weight  measurements  also  include  large  inherent 
errors  but  they  are  usually  subject  to  close  control 
and  check  procedures.  All  wood  weights  are  subject 
to  moisture  variations  in  evaluating  the  amount  of 
dry  wood  available.  These  variations  may  take  the 
form  of  sapwood  and  heartwood  differences;  in 
Douglas  fir  the  moisture  content  of  heartwood  is  in 
the  range  of  27  percent  while  the  sapwood  contains 
about  60  percent  moisture.  The  moisture  differences 
also  extend  from  one  species  to  another  and  slight 
moisture  variations  may  be  caused  by  storage  of 
small  sawn  wood  waste.  These  moisture  variations 
are  subject  to  easy  measurement  in  the  pulp  mill  on 
the  chips  produced  and  the  moisture  content  will 
normally  be  in  quite  close  agreement  for  chips  from 
similar  wood  sources.  Weighing  methods  for  waste 
material  containing  bark  is  subject  to  the  same  criti¬ 
cism  as  the  volume  measurement  but  variations  in 
void  volumes  are  eliminated  and  chip  weightometer 
values  may  give  accurate  evaluations  of  the  bark 
waste  involved. 

The  weighing  of  logs  water  floated  to  the  pulp 
mill  cannot  be  readily  accomplished  but  the  board 
foot  log  scale  in  present  use  is  obviously  not  suited 
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to  the  accurate  measurement  of  wood  for  chemical 
pulping.  A  standard  cubic  foot  scale  with  the  de¬ 
fects  subtracted  according  to  their  effect  on  pulping 
operations  would  be  a  constructive  step  in  the  use 
of  low-grade  marginal  logs  and  salvage  material  for 
chemical  pulps.  For  other  types  of  wood  waste  a 
universal  adoption  of  weighing  methods  would  give 
the  pulp  mill  a  sound  basis  for  price  evaluation 
and  any  intermediate  transportation  system  a  posi¬ 
tive  weight  basis  for  evaluating  transport  costs. 

It  is  believed  that  careful  consideration  of  meas¬ 
uring  and  weighing  methods  and  location  of  weigh¬ 
ing  equipment  by  the  pulp  mills  or  those  operations 
producing  wood  waste  will  pay  dividends.  In  re¬ 
modeling  wood  handling  equipment  or  designing 
new  mills,  careful  location  of  weighing  devices  for 
trucks,  cars,  and  chips  will  save  labor  and  stimulate 
closer  and  greater  utilization  of  wood  waste  because 
accurate  cost  studies  on  salvage  operations  can  be 


closely  correlated  with  pulp  mill  yields  of  both  chips 
and  pulp. 
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Discussion 

C.  R.  Silversides  (Albitibi  Power  and  Paper 
Company)  :  To  your  knowledge,  has  any  work  been 
done  on  the  separation  of  bark  from  wood  in  chip 
form  on  the  We.st  Coast? 

Mr.  Hammond:  Not  as  far  as  I  know.  Sapwood 
and  bark  are  not  separable  because  of  similar 
density. 

Mr.  Siliersides:  Do  you  store  chips  outside  or  in 
bins  only?  Any  particular  reason? 

Mr.  Hammotid:  In  chip  silos.  Reasonably  uni¬ 
form  moisture  content  is  maintained  by  inside 
storage,  thereby  maintaining  more  uniform  cooking 
conditions. 

Mr.  X:  Do  chips  from  sawmills  cost  as  much  as 
mill  waste  chins? 

Mr.  Hammond :  This  would  depend  entirely  on 
local  market  conditions. 

Air.  X.'  Which  species  of  western  coniferous 
wood  are  suitable  for  sulfite  and  which  are  more- 
suited  to  kraft  pulp  production? 

Air.  Hammond:  The  spruces,  hemlocks  and 
white,  or  true,  fir  species  are  the  only  ones  gener¬ 
ally  suitable  for  sulfite  pulping.  Virtually  all  wood 
species  may  be  pulped  by  the  kraft  process. 

Mr.  X:  What  different  types  of  whole  log 
hydraulic  barkers  are  in  use  in  the  Pacific  North¬ 
west? 

Mr.  Hammond:  Barkers  using  high  pressure- 
water  include  three  general  types  suitable  for  large- 
commercial  logs.  As  classified  by  the  method  of 
applying  the  stream  of  water  these  would  be:  (a) 
Ring  barker,  the  log  passing  without  turning  on  its 
axis  thru  a  series  of  moving  nozzles  surrounding 
the  log;  (b)  Longitudinal  barker,  the  log  rotating 
slowly  under  or  over  water  nozzles  moving  rapidly 
along  the  log  from  end  to  end;  (c)  Lathe  barker, 
the  log  rotating  rapidly  under  or  over  relatively 


fixed  nozzles  with  either  the  log  or  nozzles  moving 
slowly  in  a  longitudinal  direction. 

Air.  X:  What  is  the  yield  of'pulp  from  Douglas 
fir? 

Air.  Hammond :  Considering  only  grades  of  pulp 
going  into  the  production  of  bleached  paper  pulp, 
the  yield  of  pulp  from  wood  on  an  oven-dry  weight 
basis  will  vary  between  38  and  44  percent  depend¬ 
ing  on  the  type  of  wood  used  as  regards  percent 
sapwood,  tree  age,  and  degree  of  decay  present. 

Air.  X:  What  is  the  method  of  handling  bundled 
prelogged  material  at  the  Longview  operation? 

Air.  Hamtnond:  Trees  to  16  inch  maximum 
diameter  of  all  species  are  prelogged  ahead  of  the 
regular  logging,  using  light  equipment.  With  a 
minimum  of  bucking,  the  logs  are  loaded  on 
logging  railroad  cars  in  bundles  held  with  steel 
straps.  On  arriving  at  the  mill  they  are  unloaded 
from  the  cars  in  bundle  form  and  placed  on  a  deck 
of  controllable  chains  moving  at  right  angles  to  thc- 
length  of  the  bundle.  The  straps  on  the  bundles 
are  cut  and  the  individual  logs  are  spread  out  on 
the  deck  by  the  action  of  the  conveyor  chains,  each 
log  dropping  into  a  trough  at  the  end  of  the  deck 
containing  a  conveyor  chain  moving  at  right  angles 
to  the  deck.*  The  logs  individually  pass  a  swing 
circular  cut-off  saw  where  they  are  cut  in  8-foot 
lengths.  Then  then  pass  through  an  Allis-Chalmers 
stream  barker  and  the  barked  logs  are  chipped  in 
a  Carthige  multi-knife  chipper.  The  chips  are  util¬ 
ized  in  the  production  of  bleached  kraft  pulp. 

Air.  X:  Does  the  amount  of  bark  on  Douglas  fir 
logs  vary  greatly  with  the  size  of  the  logs? 

Air.  Hammond :  The  bark  increases  in  thickness 
with  increasing  tree  age  but  the  weight  of  green 
bark  expressed  as  a  percentage  of  the  weight  of 
bark  and  wood  in  a  log  cross  section  remains  about 
the  same,  approximately  15  percent,  regardless  of 
the  tree  age. 


New  Fiber  Boards  Made  With  Non-Critical  Binders 


Armin  Elmendorf,  President,  Ehnendorf  Research,  Inc.,  Chicago,  Illinois 


In  view  of  the  possibility  of  an  emergency  shortage  of  synthetic  resin  for  the  manufacture  of  wood-particle  boards, 
a  survey  of  native  and  foreign  boards  made  with  non-critical  binders  is  undertaken.  Of  the  group  including  sawdust- 
concrete,  cement-bonded  shavings,  and  similar  products  improved  excelsior  fiber  boards  bonded  with  inorganic  materials 
exhibit  properties  that  merit  serious  consideration  and  further  development. 


Introduction 

IN  VIEW  of  the  imminent  possibility  that  all  syn¬ 
thetic  resins  used  for  board  manufacture  may  be 
placed  on  the  list  of  critical  materials  essential  to 
the  war  effort,  it  is  pertinent  at  this  time  to  make  a 
survey  of  what  has  been  done  commercially  in  this 
country  and  abroad  in  the  manufacture  of  wood 
fiber  or  particle  boards  involving  the  use  only  of 
binders  that  will  probably  continue  to  be  available 
for  civilian  production.  In  such  an  analysis  it  is  de¬ 
sirable  to  consider  the  peacetime  market  potentiali¬ 
ties  of  the  various  boards  made  with  non-critical 
binders,  as  well  as  their  war  time  uses.  It  is  often 
easy  to  sell  products  in  war  time  that  cannot  com¬ 
pete  successfully  in  the  free-for-all  competition  of 
normal  times.  The  boards  must  have  properties  that 
are  unique  or  that  added  together  outbalance  those 
of  competitive  products  of  the  building  industry. 

There  are  at  least  three  types  of  inorganic  binders 
useful  for  board  manufacture  which  are  all  available 
in  such  large  quantities  that  they  are  unlikely  ever 
to  become  critical  in  a  war  economy.  These  are  cal¬ 
cined  gypsum,  Portland  cement  and  magnesite  or 
magnesium  oxy-sulphate  cement.  The  first  two, 
when  purchased  for  industrial  consumption,  can 
probably  be  obtained  under  contract  for  less  than  a 
cent  per  pound  at  many  points  in  the  U.  S.  They 
are  heavier  than  the  magnesite  cements  but  cost  less 
per  pound.  The  latter  are  commercially  sound  and 
available  for  board  manufacture  in  very  limited 
areas  whereas  both  calcined  gypsum  and  portland 
cement  are  manufactured  in  many  factories  widely 
scattered  about  the  country. 

It  will  be  noted  that  three  factors  must  be  weighed 
in  deciding  upon  the  choice  of  the  binder  and  the 
location  of  the  board  plant,  namely,  the  cost  of  the 
binder  delivered  to  the  factory,  the  delivered  cost 
of  the  wood,  and  the  average  distance  the  manufac¬ 
tured  board  must  be  shipped  to  reach  the  consumer. 
The  proper  weighting  of  each  of  these  factors  is 
not  a  simple  problem  in  arithmetic,  particularly 
when  human  factors  must  also  be  put  into  the  bal¬ 
ance  such  as  the  desire  of  a  lumber  manufacturer  to 
have  a  neighboring  factory  that  will  take  his  solid 
saw  mill  waste  or  his  low  grade  logs,  or  the  desire 
of  a  cement  or  gypsum  manufacturer  to  locate  a 


major,  steady  consumer  near  his  plant.  It  is,  how¬ 
ever,  not  the  purpose  of  the  present  paper  to  go 
into  the  details  of  this  complex  problem  of  business 
economics,  but  rather  to  discuss  the  kinds  of  boards 
that  can  be  made,  how  they  are  made,  and  their 
properties  and  uses.  We  will  explore  the  various 
forms  in  which  wood  or  wood  waste  may  be  used, 
the  processes  or  means  for  mixing  the  binders  and 
of  forming  the  boards,  the  strength,  insulating 
value,  fire  resistance  and  durability  of  products  now 
made,  and  then  will  present  the  results  of  work 
recently  completed  by  Elmendorf  Research,  Inc. 
aimed  at  the  production  of  a  new  type  of  fire- 
resistant  board. 

Long  experience  in  the  development  of  boards  of 
different  types  has  shown  that  the  binder  used  per 
square  foot  of  board  invariably  costs  more  than  the 
wood.  The  cost  of  the  latter  is  seldom  as  important 
as  the  properties  that  are  obtainable  with  each  type 
of  wood  waste  or  fiber.  For  example,  sawdust  and 
shavings  from  a  lumber  mill  may  be  available  at 
$5.00  per  ton  whereas  excelsior  may  cost  $50.00 
per  ton,  but  this  does  not  mean  that  sawdust  and 
shavings  are  necessarily  commercially  sound  mate¬ 
rials  to  use  in  preference  to  the  excelsior. 

Sawdust  Concrete 

Tests  made  by  various  laboratories  have  shown 
that  combinations  of  sawdust  and  portland  cement 
always  produce  a  relatively  weak  and  brittle  board. 
The  possibilities  of  using  such  a  combination  as  a 
concrete  for  farm  buildings  are,  however,  frequently 
mentioned,  and  so  it  is  w'ell  to  briefly  survey  that 
subject. 

Experimental  work  has  been  done  at  the  Univer¬ 
sities  of  New  Hampshire,  Minnesota,  and  Wiscon¬ 
sin  to  produce  a  satisfactory  sawdust  concrete  for 
floors  of  barns,  as  the  sawdust  concrete  has  relatively 
good  insulating  value  and  some  resilience.  If  it  did 
not  have  negating  liabilities  it  would  be  an  ideal 
floor  for  barns  and  poultry  houses.  Experiments 
made  at  the  University  of  Minnesota  have  shown, 
however,  that  such  concrete  has  only  about  10  to  20 
percent  of  the  strength  of  normal  concrete  made 
with  sand  and  gravel.  It  lacks  abrasive  resistance, 
and  saw'dust  of  a  number  of  species  when  present 
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may  cause  long  delays  in  the  setting  of  the  cement. 
Tests  made  by  Elmendorf  Research,  Inc.  showed 
that  this  is  true  of  woods  containing  certain  acid  or 
sugar  solubles  such  as  oak,  redwood,  and  larch. 
Considerable  cooking  or  leaching  is  necessary  to 
obtain  normal  rates  of  cement  setting  when  particles 
of  these  and  some  other  species  are  included. 


constituent  wood  fibers  and  to  realize  how  weak  the 
shaving  is.  This  weakness  is  reflected  in  the  relative 
weakness  of  boards  made  of  them  in  comparison 
with  boards  made  of  the  same  weight  of  the  shaving 
strands  produced  by  special  machinery  designed  for 
that  purpose.  This  subject  will  be  considered  in 
more  detail  toward  the  latter  part  of  this  paper. 


,  Shavings  Bonded  With  Cement 

As  the  conventional  wood  shavings  are  flat  chips 
containing  greater  fiber  length  than  particles  of 
sawdust,  their  use  in  combination  with  inorganic 
binders  for  the  manufacture  of  building  slabs  or 
blocks  has  frequently  drawn  the  attention  of  invent¬ 
ors.  Several  years  ago  a  block  was  offered  to  the 
building  industry  in  which  wood  shavings  were 
used  with  cement  as  the  binder  and  vertical  holes 
were  provided  that  were  subsequently  filled  with 
normal  cement  mortar  to  form  strong  columns  for 
carrying  the  roof  load.  Considerable  publicity  was 
given  to  the  construction  at  the  time,  out  the  ruth¬ 
less  laws  of  competition  with  conventional  construc¬ 
tion  apparently  decreed  a  shore  life  for  the  project. 

A  building  slab  described  as  a  structural  insu¬ 
lated  roof  plank  was  the  subject  of  a  paper  presented 
at  a  conference  called  by  the  Northeastern  Wood 
Utilization  Council  at  Cambridge,  Mass,  on  Septem¬ 
ber  16,  1949.  The  parent  product  has  apparently 
had  some  success  in  Switzerland  and  several  other 
foreign  countries  and  its  manufacture  in  this  coun¬ 
try  has  been  heralded.  It  is  reported  to  have  a  den¬ 
sity  ranging  from  .43  to  .80,  and  in  the  form  of  a 
hollow  slab  to  have  a  bending  strength  of  130  to 
170  psi.  Its  thermal  conductivity  is  given  as  .75 
Btu.  per  sq.  ft.  per  hr.  per  inch  thickness  per  deg.  F. 
difference  in  temperature.  It  is  made  basically  of 
conventional  wood  shavings. 

Extensive  tests  made  by  Elmendorf  Research,  Inc. 
with  many  forms  of  wood  waste  and  wood  fibers 
have  shown  quite  conclusively  that  for  maximum 
strength  per  pound  of  raw  material  the  wood  shav¬ 
ings  should  be  used  in  the  form  of  strands  of  ap¬ 
preciable  length  in  which  the  botanic  fibers  are 
parallel  to  the  strand  surfaces  throughout  their 
length.  In  the  case  of  conventional  wood  shavings 
coming  from  a  planer  the  botanic  fibers  are  cut 
obliquely  over  most  of  the  cut  and  their  maximum 
strength  has  been  lost.  It  is  only  necessary  to  break 
a  shaving  with  the  fingers  to  see  the  direction  of  the 


Excelsior  Fiber  Boards 

The  use  of  excelsior  bonded  with  inorganic  bind¬ 
ers  for  board-like  porous  slabs  is  now  a  well  estab¬ 
lished  and  growing  industry  both  in  this  country' 
.\nd  abroad. 

Slabs  of  this  type  are  very  extensively  used  in  the 
building  industry  throughout  Europe  and  to  a  large 
extent  take  the  place  of  insulation  and  plaster  boards 
made  in  this  country.  Germany  alone  has  almost 
300  factories  producing  such  a  product.  Most  of 
the  operations  are  small.  The  manufacture  of  ex¬ 
celsior  boards  is  generally  carried  on  in  factories 
that  serve  a  local  market,  and  often  may  be  manned 
by  a  working  crew  of  less  than  10  men.  In  such 
cases  there  is  very  little  mechanization  of  manufac¬ 
ture,  and  the  molds  are  filled  by  hand.  Since  the 
uses  of  the  product  are  well  established  little  pro¬ 
motional  selling  is  required,  and  under  a  price 
established  by  the  German  government  the  small 
manufacturer  is  apparently  able  to  prosper.  The 
largest  producer,  the  Heraklith  Co.,  has  two  fac¬ 
tories  turning  out  about  600,000  sq.  ft.  of  board  per 
day.  It  is,  therefore,  comparable  in  size  with  a  sub¬ 
stantial  manufacturer  of  wallboard  in  the  U.  S.  Its 
product  is  being  promoted  by  means  of  detailed 
technical  literature,  and  Heraklith  slabs  are  widely 
sold. 

Sizes 

Table  1  lists  the  names  of  most  of  the  excelsior 
boards  made  in  the  U.  S.  A.  and  Canada,  and  Table 
2  lists  three  well  known  German  products.  All  the 
latter  are  made  50  by  200  cm.  in  size.  The  major 
thickness  abroad  is  2.5  cm.  or  about  1  inch.  Boards 
of  this  thickness  weigh  about  2.5  lb.  per  sq.  ft.  The 
foreign  boards  are  available  in  thicknesses  ranging 
from  1.5  to  7-5  cm.  In  the  U.  S.  the  major  thickness 
is  also  1  inch,  but  excelsior  slabs  are  also  being 
made  in  substantial  quantities  2  and  3  inches  thick. 
The  weight  averages  a  little  over  2.5  lb.  per  sq.  ft. 
in  the  1-inch  thickness. 


Table  1. — Boards  Made  in  the  U.  S.  A.  and  Can.ada 


Size 

Name  of  product  .  inches 

Cementex . 32  by  64 

Cemex. . 48  by  96 

Insulrock.. . 32  by  96 

Porex.. .  20  by  80 

Rockwood _ 32  by  48 

Sonotherm _ 32  by  48 


Av.. 


Wt. 

Bending; 

Thermal 
cond.  Btu.' 

Coeff.  of 
sound 

Ib./sq.  ft. 

strencth 

sq.  ft./hr./ 

absorption 

1-inch  thick 

psi. 

in. /deg.  F. 

1-inch 

3. .5 

428 

_ 

_ 

2.5 

412 

.53 

.60 

2.8 

340 

— 

— 

2.3 

— 

.47 

.60 

2.7 

364 

.64 

.60 

2.0 

250 

.40 

.55 

2.6 

360 

.50 

.59 

Data  from  the  manufacturers  published  literature. 
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Table  2. — Boards  Made  in  Germany 


Therraa' 

Wt.  conductivity  Coeff.  of 

Ib./sq-  ft.  B.t.u./sq.  ft./  sound 

Size  1-inch  hr./inch/  absorptioi 

Name  of  product  inches  thick  degree  F.  1-inch 

Heraklith .  20  by  80  2.4  .46  .50 

Isodiele .  20  by  80  2.2  .  47  - 

Torfotek . . . - .  20  by  80  2.2  .49  - 

Av . .  2.3  .47  .50 


Data  from  the  manufacturers  published  literature  or  from  Report  on  the  German  Wood  Wool  Building  Slab  Industry  (1). 


While  the  foreign  boards  are  all  made  in  one 
size,  having  an  area  of  1  sq.  meter,  it  will  be  noted 
that  the  American  boards  are  made  in  various  sizes 
ranging  from  32  by  48  inches  up  to  48  by  96 
inches,  the  dimensions  generally  being  some  mul¬ 
tiple  of  16  inches,  the  standard  stud  spacing.  The 
weight  of  the  U.  S.  Board  is,  on  the  whole,  slightly 
greater  than  that  of  the  European  products. 

Properties 

The  data  brought  together  in  Tables  1  and  2 
came  from  published  information  but  should  not  be 
used  for  exact  comparisons  of  one  material  with 
another.  While  the  tests  reported  were  generally 
made  by  recognized  testing  laboratories,  we  have  no 
evidence  that  they  represent  average  figures  for  each 
manufacture’s  product  nor  that  the  strength,  thermal 
conductivity  and  coefficient  of  sound  absoption  are 
always  those  of  boards  of  the  density  listed.  It 
must  also  be  borne  in  mind  that  the  density  and  the 
physical  properties  frequently  vary  considerably 
from  board  to  board  and  in  different  areas  in  the 
same  board. 

The  thermal  conductivity  of  commercially  made 
boards  of  the  excelsior  type  weighing  2.5  lb.  per 
sq.  ft.  is  about  0.50  Btu.  per  sq.  ft.  per  hr.  per  in. 
per  deg.  F.  which  may  be  compared  with  0.35  for 
structural  insulation  boards.  In  view  of  the  fact  that 
the  excelsior  type  of  board  when  used  as  a  plaster 
base  for  ceilings  is  1.0  inch  thick  and  standard  insu¬ 
lation  boards  are  only  ^-inch  thick,  the  insulating 
value  of  the  former  exceeds  that  of  the  latter.  It  is 
because  the  excelsior  boards  contribute  considerable 
insulation  that  they  are  becoming  a  standard  build¬ 
ing  material  in  the  European  building  industry. 

In  this  country  excelsior  boards  are  being  used  to 
a  large  extent  because  they  provide  accoustical  treat¬ 
ment  at  relatively  low  cost.  The  sound  absorbing 
efficiency  is  determined  to  a  large  extent  by  the 
fineness  of  the  excelsior  used.  For  the  standard 
slabs  made  of  excelsior  fibers  Yg  to  /jj  inches  wide 
a  coefficient  of  sound  absorption  of  .50  may  be 
expected  for  boards  1-inch  thick  weighing  2.5  lb. 
per  sq.  ft.  When  wood  wool  is  used  a  coefficient  of 
0.60  should  be'  obtained,  and  for  the  higher  fre¬ 
quencies  of  sound  waves  even  higher  figures  may  be 
expected.  The  boards  are,  therefore,  not  quite  as 
efficient  as  the  better  grades  of  acoustical  tile  so 
extensively  used  in  this  country  for  sound  absorp¬ 
tion  for  which  an  efficiency  of  .75  may  be  expected. 


but  it  should  always  be  borne  in  mind  that  equally 
good  acoustical  treatment  is  often  obtainable  with 
less  efficient  materials  by  simply  increasing  the  wall 
or  ceiling  area  covered  with  the  sound  absorbing 
material. 

Among  the  other  valuable  properties  of  the 
excelsior  type  of  board  made  with  inorganic  bind¬ 
ers  is  its  resistance  to  the  spread  of  fire.  Such  boards 
do  not  support  combustion.  On  the  other  hand  they 
are  not  fireproof  in  the  sense  of  an  asbestos  board 
or  a  brick  wall  because  the  organic  fibers  will  slowly 
decompose  in  the  presence  of  intense  heat. 

The  coating  of  inorganic  binder  surrounding 
each  excelsior  strip  is  resistant  to  the  attack  of  ter¬ 
mites  and  prevents  the  growth  of  fungi  so  that  the 
excelsior  boards  are  also  being  sold  for  their  value 
in  resisting  insect  destruction  and  decay. 

Uses  and  Competition 

While  the  excelsior  slabs  now  so  extensively  used 
in  the  European  building  industry  are  finding  many 
uses  in  house  construction,  their  major  single  use 
is  that  of  a  plaster  base  in  ceilings.  Abroad  they 
are,  however,  also  being  used  as  a  plaster  base  for 
walls  and  as  a  stucco  base  in  building  exteriors. 
When  used  as  a  base  for  either  plaster  or  stucco, 
the  joints  are  invariably  reinforced  with  strips  of 
wire  netting  or  expanded  metal  lightly  nailed  over 
the  joints  before  the  mortar  is  applied.  For  walls 
the  boards  may  be  nailed  to  wood  framing  or  to 
furring  strips  on  brick  or  masonry. 

A  substantial  market  also  exists  abroad  for  the 
boards  as  an  under  layer  in  floors,  in  which  case 
they  are  generally  surfaced  with  cement  mortar  or 
magnesite  cement  about  1/^-inch  thick.  Their  strength 
as  a  beam  is  not  sufficient  to  support  normal  floor 
loads  so  that  they  cannot  be  used  without  a  sup¬ 
porting  structural  floor.  In  the  case  of  roof  decks 
where  they  are  generally  2  to  3  inches  thick  they 
have  sufficient  flexural  strength  to  support  snow 
loads  with  an  adequate  factor  of  safety.  For  that 
use  the  slabs  may  be  surfaced  with  cement  mortar 
to  which  built-up  roofing  is  applied,  but  the  roofing 
is  also  sometimes  bonded  directly  to  the  slab. 

The  use  of  the  excelsior  slabs  for  form  lining  in 
concrete  work  is  also  advocated  where  the  boards 
are  to  remain  in  place  bonded  to  the  concrete  and 
so  function  as  an  acoustical  treatment  in  the  ceiling 
or  walls  of  the  completed  room. 
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In  this  country  where  other  types  of  lower  cost 
plaster  bases  are  available  competition  has  greatly 
restricted  the  use  of  the  excelsior  boards  for  ceiling 
work.  Their  use  as  a  sheathing  material  is  being 
advocated  and  finding  considerable  application  par¬ 
ticularly  where  stucco  is  to  be  applied  to  them. 
The  stucco  keys  very  well  to  the  fibrous  open  texture. 
Reinforcing  strips  must  be  applied  over  the  joints 
to  prevent  cracking. 

The  boards  are  finding  considerable  acceptance  in 
this  country  when  used  for  interior  decoration  where 
both  fire-resistance  and  sound  quieting  are  required 
as  in  restaurants  and  bowling  alleys. 

The  major  use  developed  in  this  country  to  date 
is  for  roof-decking  of  industrial  buildings.  For  that 
use  the  slabs  are  generally  either  2  or  3  inches  thick 
and  the  supports  may  be  from  24  to  48  inches  apart. 

Some  unsuccessful  attempts  have  been  made  in 
this  country  to  manufacture  excelsior  boards  follow¬ 
ing  European  practice.  A  factory  to  make  a  board 
similar  to  the  eminently  successful  Heraklith  of 
foreign  manufacture  was  built  several  years  ago  in 
the  State  of  Washington  at  a  location  where  all  raw 
materials  were  available  in  large  quantity  and  at 
favorable  prices,  but  the  largest  market  turned  out 
to  be  roof-decking  of  large  buildings,  hence  in  the 
eastern  part  of  the  country.  As  slabs  2  and  3  inches 
thick  are  relatively  heavy  the  shipping  costs  to  the 
market  proved  to  be  an  insurmountable  handicap 
in  competition  with  other  types  of  roof-decking, 
and  the  large  production  for  which  the  plant  was 
built  was  never  realized.  On  the  other  hand,  where 
less  ambitious  operations  have  been  started  near 
major  markets,  they  have  been  a  success. 

Methods  of  Manufacture 

The  manufacture  of  the  excelsior  building  slabs 
may  be  conducted  on  a  very  small  to  a  very  large 
scale.  For  small  scale  manufacture  the  excelsior  and 
the  binder  are  mixed  manually  with  elementary 
equipment  and  the  coated  fibers  are  filled  into  wood 
molds  by  hand.  A  stack  of  molds  is  subjected  to 
pressure  and  then  held  under  constraint  until  the 
binder  has  set,  which  may  be  24  hours  in  the  case 
of  Portland  cement.  Upon  removal  of  the  slabs  from 
the  molds  they  are  dried.  As  the  scale  of  manufac¬ 
ture  increases  more  of  the  operations  are  mecha¬ 
nized.  Maximum  mechanization  has  been  reached 
in  the  manufacture  of  Heraklith  where  the  coated 
excelsior  is  spread  upon  a  steel  belt  and  is  then  car¬ 
ried  under  light  pressure  between  this  belt  and  a 
second  belt  through  a  long  heated  tunnel.  The  mag¬ 
nesia  oxy-sulphate  binder  used  sets  sufficiently  so 
that  upon  leaving  this  tunnel  and  the  constraint  of 
the  belts,  the  slabs  may  be  sent  through  drying 
ovens.  Upon  leaving  these  they  are  stacked  and 
cooled,  whereupon  they  are  ready  for  shipment. 
The  labor  cost  per  square  foot  of  board  is  only 
about  one-third  that  of  a  typical  separate  mold 
operation,  but  partly  offsetting  this  economy  is  the 
greater  amortization  charge  that  must  be  applied 


against  the  production  on  account  of  the  large  cap¬ 
ital  investment,  and  the  larger  administrative  over¬ 
head. 

For  maximum  speed  of  setting  calcined  gypsum  is 
used  as  the  binder,  but  here  too  the  slab  must  be 
kept  under  light  pressure  while  the  gypsum  is  set¬ 
ting.  In  one  German  plant,  this  is  achieved  in  a 
continuous  belt  process  in  which  pressure  is  main¬ 
tained  by  a  clamping  system  and  the  clamps  are  auto¬ 
matically  released  at  the  end  of  the  operation. 

In  another  plant  using  portland  cement  as  the 
binder  the  molds  are  stacked  and  pushed  up  through 
a  hot  "chimney”,  the  weight  of  the  molds  providing 
the  necessary  compression.  Stops  between  the  molds 
determine  the  thickness.  The  fibers  are  "pickled” 
before  coating  with  cement.  Sufficient  set  has  taken 
place  at  the  top  of  the  chimney  to  permit  removal 
of  the  boards  from  the  molds.  The  freshly  filled 
molds  are  added  at  the  bottom,  one  after  another, 
under  hydraulic  thrust  pushing  the  load  up. 

As  previously  remarked  three  types  of  binders 
are  all  being  successfully  used,  namely,  portland 
cement,  magnesite,  and  gypsum.  The  ratio  of  the 
binder  weight  to  the  weight  of  the  excelsior  gen¬ 
erally  ranges  from  about  2:1  to  3:1. 

No  two  major  manufacturers  of  excelsior  type 
boards  use  exactly  the  same  means  for  mixing  the 
binder  with  the  fibers,  an  operation  that  must  be 
carried  out  mechanically  and  that  is  not  as  readily 
accomplished  as  mixing  ordinary  aggregates  with 
cement  and  water  and  sometimes  shows  the  applica¬ 
tion  of  considerable  mechanical  ingenuity. 

When  Portland  cement  is  used  as  the  binder,  the 
fibers  are  often  "mineralized”  to  improve  the  bond, 
or  to  increase  the  rate  of  setting  of  the  cement,  or 
to  improve  the  fire-resistance.  In  the  method  devel¬ 
oped  by  the  author,  the  fibers  are  first  treated  with 
sodium  silicate  and  then  with  calcium  chloride  to 
precipitate  calcium  silicate  on  the  fibers.  The  water 
soluble  sodium  chloride  which  is  a  product  of  the 
reaction  is  then  washed  off.^ 

The  type  of  binder  to  use  is  often  the  subject  of 
considerable  discussion.  In  this  country  most  com¬ 
mercial  products  are  made  with  portland  cement, 
whereas  abroad  magnesia  oxy-sulphate  cement  comes 
first,  portland  cement  next,  and  gypsum  third.  The 
choice  of  binder  is  determined  by  its  availability 
and  price  and  the  market  for  which  the  board  is 
intended.  A  manufacturer  of  gypsum  would  obvi¬ 
ously  plan  his  operation  on  the  basis  of  using  cal¬ 
cined  gypsum. 

Development  of  a  Low  Cost  Plaster  Base 

The  standard  1-inch  thickness  of  cement-excelsior 
board  can  obviously  not  compete  on  any  substantial 
scale  with  the  plaster  board  and  insulation  board 
lath  now  standard  in  the  building  industry  of  this 
country.  An  experimental  study  conducted  by  Elm- 
endorf  Research,  Inc.  over  a  period  of  years  aimed 

"  U.  S.  Patent  No.  2,377,484. 
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at  solving  the  economics  of  this  problem  has  estab¬ 
lished  certain  basic  requirements  that  must  be  met 
as  follows: 

1.  The  manufacturing  cost  may  not  deviate  widely 
from  the  manufacturing  cost  of  conventional  paper- 
faced  gypsum  lath.  We  have  established  $25.00  per 
M  as  the  maximum  production  cost.  This  means 
that  some  fiber  lower  in  cost  than  excelsior  must 
become  available,  and  secondly,  that  the  board  be 
made  by  a  manufacturer  of  gypsum  or  portland 
cement  or  under  some  advantageous  contract  with 
such  a  manufacturer.  We  have,  therefore,  bent  our 
own  efforts  at  producing  a  new  low  cost  fiber  and 
have  now  developed  a  machine  which  converts  solid 
wood  waste,  such  as  saw  mill  slabs  into  the  desired 
fibers  at  a  cost  of  about  Yg  that  of  excelsior.  We  are 
referring  to  these  fibers  as  A-fibers. 

2.  The  thickness  may  not  deviate  widely  from 
%-inch,  and  the  board  must  be  comparable  with 
regular  plaster  board  lath  in  stiffness  and  strength. 
Table  3  shows  the  results  of  the  tests  made  on  the 
lath  we  have  developed  using  our  A-fibers  and 


Development  of  a  Low  Cost  Fire-Resistant 
Wall  Board 

The  development  of  the  machine  for  producing 
A-fibers  out  of  solid  wood  sawmill  waste  as  well 
as  out  of  cordwood  has  opened  up  new  possibilities 
in  the  manufacture  of  gypsum  wallboards  by  elimi¬ 
nating  the  paper  faces.  This  subject  has  been  ex¬ 
tensively  explored  by  Elmendorf  Research,  Inc.  and 
a  great  deal  of  research  work  has  now  been  done 
to  meet  the  requirements  set. 

Tests  have  shown  that  the  strength  properties  of 
conventional  gypsum  wallboard  across  the  machine 
direction  are  substantially  below  those  in  the  ma¬ 
chine  direction,  and  since  it  is  customary  to  apply 
the  boards  with  the  machine  direction  parallel  to 
the  studding  the  strength  across  the  machine  direc¬ 
tion  is  the  most  important.  The  new  board  should 
be  substantially  stronger  across  the  machine  direc¬ 
tion  than  conventional  gypsum  board. 

While  conventional  gypsum  boards  are  %-inch 
and  ^-inch  thick,  it  would  be  desirable  to  have  a 
board  of  comparable  cost  %-inch  thick,  to  conform 
to  standard  lath  and  plaster  thickness.  The  board 


Table  3 


Wt. 

Thickness 

Max.  load 

Stiffness 
load  per  0 . 1  i 

Material 

lb.  per  sq.  ft. 

inches 

lb. 

deflection 

Vin.  Pyro-Iath _ 

. .  1.27 

0.40 

52 

26 

’n-in.  Pyro-lath _ 

. .  1.22 

0.41 

57 

23 

gypsum  lath,  paper  faced _ 

1.26 

0.25 

36 

14 

■■’s-in.  gypsum  lath,  paper  fared _ _ _ 

.  1.60 

0.38 

92 

57 

}X)rtland  cement  as  the  binder.  Our  laboratory  lath 
is  here  referred  to  as  Pyro-Lath  on  account  of  its 
ft  re- resistance.  The  tests  were  made  on  specimens 
6  inches  ,wide,  supported  on  a  span  of  10  inches 
and  tested  as  simple  beams. 

The  strength  and  stiffness  of  Pyro-Lath  therefore 
lies  between  that  of  ^-inch  and  %-inch  gypsum 
board  lath  and  may  be  regarded  as  satisfactory. 

3.  The  plaster  must  not  crack  at  the  board  joints 
and  the  metal  reinforcement  used  with  insulation 
board 'lath  must  be  eliminated  on  account  of  cost. 
Tests  on  this  matter  are  in  progress. 

4.  Complete  mechanization  of  board  formation 
must  be  achieved. 

5.  The  lath  must  have  a  market  within  a  radius 
cf  not  more  than  300  miles  from  the  factory  ade¬ 
quate  to  absorb  the  production  of  the  plant.  The 
plant  must  be  able  to  turn  out  the  lath  at  a  pro¬ 
duction  rate  of  100,000  sq.  ft.  per  day  at  the  stipu¬ 
lated  maximum  cost  of  $25.00.  This  in  our  opinion 
is  possible. 


should  also  be  able  to  absorb  a  blow  which  would 
break  ordinary  gypsum  board,  that  is,  it  should  be 
tougher  than  the  latter.  It  should  be  applied,  if  pos¬ 
sible,  with  nails  having  smaller  heads  so  that  the 
surface  is  not  disfigured,  and  it  should  be  n.'ore  re¬ 
sistant  to  fire.  That  these  requirements  have  been 
met  will  be  seen  from  the  following  test  data: 

Numerous  boards  have  been  made  in  our  labora¬ 
tory  in  both  ^-inch  and  %-inch  thickness  using 
both  gypsum  and  portland  cement  as  the  matrix  with 
A-fibers.  These  boards  are  made  under  some  pres¬ 
sure  so  that  they  are  substantially  solid  and  they 
differ  widely  therefore  from  the  excelsior  boards  in 
both  structure  and  density.  The  surface  is  smooth, 
fiat,  and  hard. 

Flexural  strength  tests  are  made  on  specimens 
5 -inches  wide  supported  on  a  span  of  10- inches 
with  a  center  load,  and  the  test  is  continued  until 
there  is  practically  no  residual  strength  in  the  speci¬ 
men.  The  slope  of  the  load-defiection  curve  up  to 
the  proportional  limit  measures  the  stiffness,  which 
is  given  in  Table  4  as  the  load  which  will  bend  the 


Product 

V^-in.  gypsum  A-fiber  board _ 

Hi-in.  commercial  ^psum  board.. 
Vj-in.  commercial  insulation  board. 


Table  4 


Stiffness 


Wt.  lb. 

Thickness 

Max.  load 

lb.  per 
.01  inch  defl. 

Toughness 

per  sq.  ft. 

inches 

lb. 

in.-lb. 

3.00 

0.515 

112 

33.0 

43.7 

2.30 

0.470 

30 

8.0 

3.3 

0.77 

0.490 

21.5 

1.0 

9.8 
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■specimen  1/ 100-inch.  The  area  under  the  curve  rep¬ 
resents  the  work  done  to  completely  break  the 
specimen.  It  is  a  measure  of  the  toughness  of  the 
specimen.  The  data  in  the  table  are  for  tests  made 
across  the  machine  direction.  In  the  particular  in¬ 
sulation  board  tested  there  is  little  difference  in  the 
machine  and  across  the  machine  direction,  but  the 
gypsum  board  is  substantially  stronger  in  the  ma¬ 
chine  direction.  As  the  boards  should  be  tested  to 
reflect  their  strength  in  use,  comparisons  should  be 
made  of  the  across-the-machine  strengths. 

There  is  no  difference  in  the  strength  of  the 
A-fiber  board  in  the  two  directions.  The  tests  show 
that  it  is  several  times  as  strong  as  commercial  gyp¬ 
sum  and  insulation  boards.  The  same  holds  for  stiff¬ 
ness  and  toughness.  The  reinforcing  imparted  to 
the  gypsum  matrix  by  the  A-fibers  is  particularly 
reflected  in  the  toughness.  When  the  maximum  load 
of  the  paper-faced  commercial  gypsum  board  is 
reached  it  fails  abruptly  and  completely,  whereas 
the  A-fiber  board  is  more  nearly  comparable  with 
plywood  in  that  it  still  has  a  lot  of  residual  strength 
after  the  maximum  load  has  been  reached. 

By  a  small  increase  in  the  amount  of  material  and 
a  slight  reduction  in  the  density  a  %-inch  gypsum 
A-fiber  board  can  be  made.  TTiis  board  also  has 
smooth  hard  gypsum  faces.  It  weighs  3.2  lb.  per 
sq.  ft.  Table  5  compares  the  strength  properties  of 


mens  3-inches  wide  are  supported  on  a  5-inch  span 
with  a  small  center  load.  A  broad  bunsen  burner 
is  allowed  to  play  on  the  bottom  of  the  specimen 
directly  under  the  load.  The  time  required  for  the 
specimen  to  collapse  is  noted.  In  this  test  the  gyp¬ 
sum  A-fiber  boards  hold  up  for  about  13  minutes 
whereas  the  commercial  gypsum  boards  fail  in  less 
than  4  minutes.  After  the  paper  face  of  the  latter 
has  been  burnt  away  the  core  begins  to  crack  per¬ 
mitting  the  opposite  side  to  char.  No  such  cracking 
takes  place  with  the  reinforcement  provided  by  the 
A-fibers. 

Tests  were  made  to  determine  the  resistance  of 
the  boards  to  the  pull  of  nails,  by  measuring  the 
force  required  to  pull  a  nail  down  into  the  board 
to  submerge  the  nail  head.  The  resultant  pull  for 
two  types  of  nails  is  given  in  Table  6. 

Table  6 

Pull  in  pounds 

Cadmium 
4d  box  nail  coated  nail 

Product  =0.21  in.  =  .095  in. 

Gypsum  A-fiber  board... . j.  302  86 

Commercial  gypsum  board _  83  35 

It  would  appear  from  this  table  that  smaller 
headed  nails  may  be  used  for  applying  the  A-fiber 
boards  to  wood  framing,  thereby  reducing  the  tend- 


Table  5 


wt.  lb. 

Product  per  sq.  ft. 

Ji-in.  gypsum  A-fiber  board. _ _ _ _  3.2 

t^-in.  commercial  gypsum  board  in  mach.,  dir _ _  2.3 

H-in.  commercial  gypsum  board  across  mach.,  dir _ _ _  2.3 


this  board  with  those  of  ^-inch  commercial  plaster 
board  in  the  two  directions. 

The  superiority  in  the  stiffness  and  toughness  of 
the  gypsum  A-fiber  board  is  again  striking.  The 
greater  weight  is  due  to  the  gypsum  facing  which 
is  continuous  and  smooth  and  eliminates  the  need 
for  subsequent  plastering. 

While  the  A-fibers  are  basically  shavings,  they 
are  long  narrow  shavings  in  which  the  botanic  wood 
fibers  are  parallel  to  the  surface  of  the  shaving  or 
strand  throughout  its  length.  The  length  may  range 
from  about  1  to  4  inches  and  they  are  about  1/100- 
inch  thick.  They  retain  substantially  the  full  tensile 
strength  of  the  wood  whereas  in  ordinary  planer 
shavings  the  botanic  wood  fibers  are  cut  through 
at  an  angle  and  the  high  tensile  strength  of  the 
wood  is  lost.  The  A-fiber  machine  lends  itself  to 
the  reduction  of  saw  mill  slabs,  end  trim  and  cord 
wood,  all  cut  green. 

While  fire  tests  are  limited  at  this  time  to  lab¬ 
oratory  specimens,  the  following  test  indicates  some 
superiority  in  fire  resistance  of  the  gypsum  A-fiber 
board  in  comparison  with  commercial  paper  faced 
^psum  boads  of  about  the  same  thickness.  Speci- 


StifTness 


Thickness 

Max.  load 

lb. /.Ol  in. 

T  oughness 

in. 

lb. 

defl. 

in.-ib. 

0.75 

138 

.54.0 

45.0 

0.47 

97 

12.5 

11.2 

0.47 

30 

8.0 

3.4 

ency  for  the  nails  to  disfigure  the  board  for  interior 
finish. 

Another  important  potentiality  may  be  mentioned 
regarding  the  use  of  the  gypsum  A-fiber  boards. 
By  furnishing  the  boards  with  shiplap  edges  these 
edges  may  be  glued  on  the  job  and  a  continuous 
crack  free  plaster  wall  obtained.  It  is  only  necessary 
to  fill  the  narrow  V-crack  at  the  joint  with  a  gypsum 
filler  to  obtain  a  continuous  plaster  wall  in  which 
the  plaster  has  been  applied  in  the  factory.  Here¬ 
tofore  dry-wall  construction  in  plaster  has  not  been 
possible. 

One  further  comment  should  be  added.  The  cost 
of  the  A-fibers  per  ton  will  be  only  about  1/6  as 
much  as  the  paper  of  the  present  paper  faced  plaster 
board.  The  combined  materials  cost  of  the  A-fiber 
board  will  therefore  be  appreciably  less  than  the 
materials  cost  of  the  latter.  The  new  board  also 
lends  itself  to  continuous  formation  so  that  the 
manufacture  can  be  completely  mechanized. 

Some  of  the  products  and  processes  described  in 
this  paper  are  covered  by  patents  or  patent  applica¬ 
tions.  No  attempt  has  been  made  here  to  include 
an  analysis  of  the  patent  art. 
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Discussion 

Mr.  X:  Why  isn’t  a  larger  percentage  of  small 
pieces  of  sawmill  waste  used  in  paper  making.-^. 

Mr.  Eltnendorf:  Small  pieces  or  blocks  as  well  as 
sawmill  slabs  can  be  converted  into  our  fibers.  The 
same  blocks  cannot  very  readily  be  reduced  to  chips 
for  making  paper. 

Roswell  D.  Carpenter  (Southern  Forest  Experi¬ 
ment  Station) :  Waste  studies  conducted  in  1948 
and  1949  at  17  southern  pine  sawmills,  in  coopera¬ 
tion  with  the  Southern  Kraft  Division  of  the  Inter¬ 
national  Paper  Co.  showed  that  94  percent  of  all 
heavy  waste  (slabs,  edgings  and  end  trims)  would 
chip  satisfactorily  in  present-day  paper  mill  chip- 
pers.  The  remaining  6  percent  was  composed  of 
ribbon-like  pieces  of  edging,  which  wound  up  and 
slivered  in  the  chipper,  and  pieces  of  end  trim  less 
than  one  foot  long  which  turn  down  sidewise  in 


the  throat  of  the  chipper  and  shingle  off  in  long 
slivers.  All  waste  accumulated  during  these  studies 
was  analysed  for  suitability  for  chipping  in  standard 
paper  mill  chippers. 

H.  E.  Murphy  (Tennessee  Valley  Authority) : 
Are  southern  pine,  gum,  and  poplar  suitable  species; 
and  how  much  waste  is  necessary  to  support  a 
plant  ? 

Mr.  Eltnendorf:  Southern  pine  and  poplar  are 
readily  converted  to  fibers,  but  gum  fibers  tend  to 
be  brittle.  Two  tons  of  solid  wood  waste  per  day 
are  adequate  for  a  small  commercial  operation. 

Mr.  X:  Does  cross  grain  cause  any  difficulties? 

Mr.  Eltnendorf:  Cross  grain  in  the  blocks,  if 
severe,  will  reduce  the  fiber  strength,  but  such  fibers 
are  broken  into  shorter  lengths  in  the  operation  of 
mixing  the  binder  so  cross  grain  is  no  serious 
liability. 


Effect  of  Storage  of  Slash  Pine  Pulp  wood  on  Sulfate 
and  Groundwood  Pulp  Quality 


J.  N.  McGovkrn,  J.  S.  Martin,  and  A.  Hyttinen,  Chemical  Engineers,  Forest  Products  Laboratory,^ 
Forest  Service,  U.  S.  Department  of  Agriculture 


The  loss  in  yield  of  sulfate  and  groundwood  pulps  on  a  wood  volume  basis  is  proponional  to  the  decrease  in  density 
of  the  pulpwc^  during  storage,  fall>cut  wood  stored  under  the  conditions  of  the  experiment  reported  should  be  used 
within  5  months  to  avoid  measurable  losses  in  the  strength  of  the  sulfate  pulp.  The  principal  effect  of  storage  on  the 
groundwood  pulp  is  a  decrease  in  brightness. 


Introduction 

PULPWOOD  Storage  is  claiming  increased  attention 
as  an  important  factor  in  the  operating  efficiency 
of  pulp  mills  and  the  quality  of  their  products. 
Although  the  possible  ill  effects  of  extended  storage 
times  and  poor  storage  practice  have  been  recog¬ 
nized,  specific  information  about  the  effects  of  stor¬ 
age  of  pulpwood  upon  the  yield  and  quality  of  pulp 
is  scanty. 

The  practice  and  requirements  for  pulpwood  stor¬ 
age  vary,  of  course,  according  to  region,  species,  and 
process.  In  the  South,  general  practice  has  been  to 
store  for  as  short  a  time  as  possible,  usually  3  months 
at  the  most.-  Extended  storage  has  led  to  obvious 
decay,  and  it  is  widely  believed  that  the  decayed 
wood  gives  pulps  of  seriously  lower  quality,® 

It  was  the  purpose  of  this  investigation  to  deter¬ 
mine  the  effect  of  12  months’  storage  of  southern 
pine  in  a  pulp  mill  yard  on  the  yield  and  quality  of 
sulfate  and  groundwood  pulps  made  in  laboratory- 
scale  experiments.  The  wood  represented  part  of 
that  used  in  an  extensive  storage  study  which  in¬ 
cluded  unpeeled  and  peeled  slash  and  loblolly  pines 
cut  in  July  and  October  1948  and  May  1949.^  The 
pulping  experiments  were  made  on  slash  pine  cut 
in  October  1948.  Tests  were  made  on  unpeeled  and 
peeled  wood  in  the  green  condition  and  after  stor¬ 
age  in  open  piles  in  the  yard  of  a  pulp  mill  in 
Bogalusa,  La.,  for  periods  of  4,  6,  9,  and  12  months. 

A. general  literature  review  on  various  aspects  of 
pulpwood  decay  and  its  effect  on  pulp  yield  and 
quality  was  recently  reported  by  Pascoe  and  Schef- 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 

‘Anonymous.  1949.  Protection  with  Chemicals.  Pulp 
and  Paper  23,  No.  11:78-80. 

“Keaton,  H.  L.  and  Gillespie,  W.  F.  1950.  Effect  of 
Storage  of  Southern  Pine  on  Pulp  Yield  and  Quality. 
Paper  Mill  News  73,  No.  45:14. 

“Lindgren,  R.  M.  1951.  Deterioration  of  Southern  Pine 
Pulpwood  as  Affected  by  Length  and  Time  of  Storage. 
Forest  Products  Research  Society,  Proceedings,  1951. 


fer'‘  in  connection  with  an  investigation  of  the  effect 
of  the  deterioration  of  jack  pine  in  storage  on  sul¬ 
fate  pulp  and  paper  quality.  The  experiments  of 
Pascoe  and  Scheffer  were  conducted  in  a  way  similar 
to  those  reported  here  on  slash  pine,  and  involved 
the  same  principal  decay  organism,  Peniophora 
gigantea.  The  cited  work  on  jack  pine  showed  ap¬ 
preciable  reduction  in  the  density  of  the  wood  with 
storage  over  two  summers  in  a  northern  pulp  mill 
yard,  losses  in  sulfate  pulp  and  paper  strength  from 
rough-stored  wood  being  particularly  serious.  Keaton 
and  Gillespie  reported  recently  on  operational  diffi¬ 
culties  presented  by  storage  of  southern  pine  pulp¬ 
wood  and  mentioned  appreciable  loss  in  pulp 
strength  as  a  result  of  storage.® 

Experimental  Part 

The  Wood 

The  shipments  of  unpeeled  and  peeled  wood  re¬ 
ceived  at  the  Forest  Products  Laboratory  at  the  end 
of  each  storage  period  were  comprised  of  200  bolt 
sections  representing  one-half  of  each  of  50  pulp¬ 
wood  logs  for  both  types  of  wood.  Each  lot  con¬ 
sisted  of  50  end  sections  approximately  10  inches 
long  and  50  inside  sections  approximately  20  inches 
long.  This  material  had  been  dipped  in  a  sap  stain 
control  chemical  before  shipment.  Representative 
samples  were  sawed  into  bolts  6  inches  long  for  the 
groundwood  pulping  experiments  and  converted 
into  standard  %-inch  chips  for  the  sulfate  pulping 
experiments.  The  chips  were  screened  to  remove 
oversized  and  under-sized  material.  A  sample  of 
the  chips  was  analyzed  for  chemical  composition 
(Table  1). 

Sulfate  Pulping 

The  sulfate  pulping  was  conducted  in  steam- 
jacketed,  spherical,  rotary  autoclaves  with  a  capacity 
of  0.5  cubic  foot.  The  pulping  conditions  were  de- 


“  Pascoe,  T.  A.  and  Scheffer,  T.  C.  1950.  Jack  Pine 
Pulpwood  Deterioration  in  Yard  Storage.  Paper  Trade 
J.  131,  No.  2:16-18,  20-21. 
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Table  l. — Density,  Moisture  Content  and  Chemical  Analyses  of  Slash  Pine  Wood  and 
Chemical  Analysis  of  Sulfate  Pulps  for  Various  Times  of  Storage 

Chemical  analyses^ 


Solubility  in — 

Shipment  of  Dura-  Moisture  - ^ - - - 

wood  numbers  tion  content  Density  Total  1  percent 

or  digestion  of  of  of  Holo-  Alpha  pento-  Alcohol  sodium  Hot 

number  of  storage  wood'  wood^  cellulose  cellulose  Lignin  sans  benzene  Ether  hydroxide  water  Ash 

Lb.  per 

Months  Percent  cu.  ft.  Percent  Percent  Percent  Percent  Percent  Percent  Percent  Percent  Percent 

Unpeeled  wood 

2795 . 0  53.1  30.8  62.8  48.5  27.6  8.4  2.6  2.4  12.7  2.7  0.1 

2836  .  4  52.1  30.0  65.5  49.6  27.9  8.7  2.4  1.7  10.8  2.1  .2 

2863  .  6  50.7  29.0  66.5  47.2  28.3  8.0  2.6  2.3  11.8  2.4  .3 

2900 .  9  47.3  27.7  68.1  49.2  28.0  8.3  1.8  1.7  13.1  3.5  .4 

2946 .  12  46.0  25.8  65.2  45.9  28.2  8.0  4.1  2.2  14.3  4.1  .5 

Peeled  wood 

2837  .  4  26.8  29.0  63.4  49.1  28.1  8.7  3.1  1.9  11.3  2.6  .2 

2864  .  6  23.4  29.2  66.4  48.0  27.7  8.3  3.9  2.6  14.3  4.1  .2 

2899 . - .  9  20.2  28.5  66.9  48.0  27.9  8.1  2.9  1.9  12.8  3.2  .4 

2945 . 12  18.4  28.6  66.0  49.3  28.0  7.6  2.9  1.3  12.4  3.0  .2 

•  Sulfate  pulp  from  unpeeled  wood 

2055-6X .  0  -  -  95.9  80.2  4.6  8.0  -  -  -  -  - 

2187-8X _  9  -  -  95.0  80.8  5.2  8.3  -  -  -  -  - 

2217-8X _  12  -  -  96.2  79.4  5.5  8.2  -  -  -  -  - 

Sulfate  pulp  from  peeled  wood 

2189-90X .  9  -  -  94.7  82.7  5.0  8.2  -  -  -  -  - 

2213-4X .  12  -  -  94.9  80.1  5.5  7.7  -  - -  -  -  - 


'Based  on  total  weight  of  wood  and  moisture. 
*  Moisture-free  weight  per  green  volume. 
^Based  on  moisture-free  material. 


signed  to  produce  strong  sulfate  or  kraft-type  pulp. 
These  conditions  included  the  use  of  15.6  percent  of 
total  chemical  as  sodium  oxide,  based  on  the  weight 
of  the  wood.  The  autoclaves  were  heated  indi¬ 
rectly,  and  no  spent  or  black  liquor  was  used.  The 
calculations  of  the  volumes  and  concentrations  in¬ 
cluded  the  moisture  in  the  chips.  The  other  pulp¬ 
ing  conditions  are  given  in  Table  2.  The  pulps 
were  tested  for  strength  and  chemical  composition 
by  standard  methods. 

Groundwood  Pulping 

The  semicommercial  experimental  grinder  at  the 
Forest  Products  Laboratory  was  used  for  the  ground- 


wood  pulping  experiments.  A  single  pulpstone 
faced  with  60-grit  aluminum  oxide  abrasive  was 
used  for  this  work,  so  that  the  stone  surface  for  all 
the  runs  was  the  same.  Except  for  variations  in  pres¬ 
sure,  other  operating  conditions  were  also  identical 
for  all  the  experiments.  Grinder  runs  were  made  on 
each  sample  of  wood  at  three  different  grinding 
pressures  in  order  to  obtain  pulps  having  a  range  of 
properties.  The  stone  surface  was  fairly  sharp. 
Though  a  duller  surface  might  have  been  more 
suitable,  the  pulps  obtained  were  within  the  prac¬ 
tical  range  of  quality  and  capable  of  evaluation  of 
the  effects  of  storage.  The  pulps  were  tested  for 
strength  and  other  properties  by  conventional 
methods. 


Table  2. — Sulfate  Pulping  of  Slash  Pine  Pulpwood  After  Various  Periods  of  Storage 

Cooking'  and  yield  data  Bleach  teat  data 


Yield  of  pulp  (moiature-free)  Brightneaa 


Wood 

Black 

Per  100 

pounda 

Per  cubic 

Pulp 

— 

liquor 

o 

i 

foot  of 

bleached 

Type 

Ship- 

Stor- 

Chemicala 

density 

moiature-free  wood 

aolid  wood 

Un-  with  8.75 

Perman- 

repre- 

ment 

age 

con- 

at 

(acreened 

bleached 

percent 

ganate 

aented 

No. 

period 

Digeation  No. 

aumed 

15°  C. 

Screened 

Screeninga 

pulp) 

pulp 

chlorine 

No. 

Percent 

°B. 

Pounda 

Pounda 

Pounda 

Percent 

Percent 

Rough.... 

.  2,795 

0 

2055X,  2056X 

80.4 

10.6 

45.9 

0.3 

14.1 

23.1 

40.1 

23.9 

Do _ 

.  2,836 

4 

2128X,  2129X 

81.3 

10.8 

46.3 

.4 

13.9 

22.8 

49.1 

24.3 

Do _ 

.  2,863 

6 

2154X,  2156X 

81.1 

10.7 

45.1 

.2 

13.1 

22.8 

46.2 

24.2 

Do _ 

.  2,900 

9 

2187X,  2188X 

82.7 

10.7 

46.4 

.4 

12.9 

22.2 

48.6 

24.5 

Do _ 

2,946 

12 

2217X,  2218X 

85.3 

10.6 

45.4 

.5 

11.7 

22.9 

45.0 

25.9 

Peel^ _ 

.  2,798 

0 

2066-2067X 

81.3 

10.7 

46.3 

.4 

14.3 

22.2 

38.4 

25.9 

Do _ 

.  2,837 

4 

2126X,  2127X 

81.3 

11.0 

46.4 

.3 

13.5 

21.3 

40.4 

25.6 

Do _ 

.  2,864 

6 

2152X,  2153X 

82.3 

10.7 

45.2 

.8 

13.2 

22.2 

46.5 

25.9 

Do _ 

.  2,899 

9 

2189X,  2190X 

82.7 

10.6 

46.8 

.5 

13.3 

22.6 

48.6 

24.8 

Do.... 

.  2,945 

12 

2213X,  2214X 

82.0 

10.6 

47.1 

.3 

13.5 

22.5 

48.8 

25.1 

'The 

cooking  conditiona  other  than  thoae  tatui 

ated  were  aa  followa; 

Weight  of  moiature-free  wood _ 

_ pounda 

4.0 

Maximum  temperature . . . 

. . °C. 

170.0 

1.5 

Duration  at  maximum  temperature... 

_ houra 

1.5 

Initial  chemical  concentration  (calculated  aa  aodium  oxide) _ 

gm.  per  liter 

39.1 

Sulfidity  (based  on  active  alkali) 

_  j 

. 

_ percent 

30.0 

Sodium  hydroxide.. 

_ percent 

14.1 

Sodium  aulfide _ 

_ percent 

6.9 

Liquor- wood  ratio.. 

. . 

4.0 
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Effect  of  Storage  on  Properties  and  Chemical 
Composition  of  the  Wood 

The  changes  in  the  properties  of  the  unpeeled 
and  peeled  slash  pine  in  storage  over  a  period  of 
12  months  are  described  in  detail  elsewhere.^ 
Briefly,  the  peeled  wood  showed  a  small  amount  of 
decay  after  4  months  of  wintertime  storage,  with  a 
resultant  drop  in  density  of  3  percent.  The  wood 
dried  nearly  to  the  fiber  saturation  point  in  this 
time.  This  dry  wood  therefore  deteriorated  only 
slightly  on  continued  exposure  because  the  moisture 
content  was  too  low  to  support  fungus  growth.  The 
loss  in  density  after  the  year’s  storage  was  about  6 
percent.  The  unpeeled  wood,  on  the  other  hand, 
exhibited  a  steady  increase  in  amount  of  decay  and 
a  decrease  in  density  with  increase  in  storage  time. 
In  the  12  months’  storage  the  density  of  this  wood 
decreased  approximately  14  percent.  The  wood,  fur¬ 
thermore,  had  retained  most  of  its  moisture  after 
the  year’s  storage,  and  decay  would  be  expected  to 
continue  unabated  during  further  storage. 

The  loss  in  wood  substance  shown  by  the  de¬ 
crease  in  density  comprised  losses  in  all  the  major 
constituents  of  the  wood,  lignin,  alpha  cellulose, 
and  hemicelluloses  (Table  1,  Fig.  1).  The  lignin 


Fig.  1. — Relation  between  chemical  components  and 
density  of  slash  pine  pulpwood  after  storage. 


yield  decreased  at  about  the  same  rate  as  the  density, 
but  the  alpha,  or  resistant,  cellulose  was  apparently 
degraded  at  a  greater  rate  than  this  (Fig.  1).  A 
part  of  the  degraded  alpha  cellulose  appeared  to  be 
in  the  form  of  hemicelluloses.  This  is  indicated  by 
the  facts  (a)  that  the  holocellulose  loss  is  less  in 
proportion  than  the  decrease  in  density,  and  (b) 
that  the  hemicellulose  yield  (difference  between 


holocellulose  and  alpha  cellulose  yields)  does  not 
change  with  decreasing  density.  Those  hemicellu¬ 
loses,  in  the  form  of  either  pentosans  or  materials 
soluble  in  1  percent  sodium  hydroxide,  however, 
suffered  losses  in  proportion  to  the  loss  in  weight  of 
the  wood. 

Though  it  is  quite  common  for  the  amount  of 
material  soluble  in  weak  alkali  solution  to  increase 
with  decay,  no  appreciable  change  was  found  in 
the  slash  pine  after  the  wood  had  decayed  consid¬ 
erably.  This  lack  of  change  has  also  been  noted 
with  other  species  and  decay  organisms  in  other  tests 
at  the  Forest  Products  Laboratory.*-  ^  Evidently  the 
chemical  character  of  the  reaction  products  obtained 
in  degradation  of  the  cellulosic  components  of  the 
wood  is  dependent  on  the  species  of  wood,  the  de¬ 
cay  organism,  and  the  conditions  for  the  decay 
action. 

That  chemical  changes  other  than  those  caused 
by  decay  occur  in  the  wood  was  shown  by  the  de¬ 
crease  in  the  ether  solubility  value  with  storage.  The 
trend  was  observed  in  both  the  wet  unpeeled  wood 
and  the  dry  peeled  wood.  In  neither  type  of  wood, 
however,  was  any  trend  toward  change  observed 
with  respect  to  the  material  soluble  in  alcohol- 
benzene. 

The  main  decay  organism  found  in  the  wood, 
Peniophora  gigantea,  is  a  type  intermediate  between 
major  groups  of  fungi  that  produce  white  and 
brown  rots.  The  intermediate  character  of  this 
fungus  is  demonstrated  by  the  fact  the  losses  of 
both  lignin  and  carbohydrates  are  nearly  in  propor¬ 
tion  to  the  total  loss  in  wood  substances.  Because 
of  this  relatively  nonselective  attack,  the  chemical 
analyses  of  the  various  wood  samples  did  not  differ 
in  any  striking  respect. 

Effect  of  Storage  on  Pulping  Characteristics, 
Pulp  Yield,  and  Quality 

Sulfate  Pulping  Characteristics 

All  wood  used  in  the  exposure  tests  was  pulped 
under  identical  conditions.  Only  small  differences 
were  found  in  pulping  characteristics  (Table  2). 

There  was  a  definite  but  small  increase  in  the 
amount  of  pulping  chemical  consumed  with  increase 
in  the  deterioration  of  the  wood  as  evidenced  by 
density  loss  (Fig.  2).  It  is  indicated  that  a  higher 
ratio  of  alkali  was  consumed  in  reacting  with  carbo¬ 
hydrates  in  the  deteriorated  wood  than  in  the  sound 
wood,  since  pulp  yield  (per  unit  weight  of  wood) 
was  unchanged  and  the  lignin  content  of  the  pulp 
was  actually  increased  slightly  (Fig.  2).  Possible 
reasons  for  the  increased  alkali  consumption  are  the 
formation  of  acid  groups  by  the  decay  reactions  and 
the  production  of  alkali-soluble,  shorter-chain  car- 

*  Forest  Products  Laboratory.  Pulping  of  Green-cut  and 
Insect-killed  Lodgepole  Pine.  Forest  Products  Laboratory 
Report  No.  R  1732. 

’Martin,  J.  S.  1949.  Sulfate  Pulping  of  Logging  and 
Sawmill  Wastes  of  Old-growth  Douglas-fir  and  Certain 
Associated  Species.  TAPPI  32,  No.  12:534-539. 
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bohydrates  by  degradation  of  resistant  cellulose  in 
decayed  wood.  This  is  indicated  by  the  analyses  of 
the  woods. 

As  mentioned  above,  percentage  yield  of  pulp 
•  did  not  vary  with  change  in  density  (Table  2). 
Therefore  pulp  yield  declined  with  storage  time  in 
the  same  proportion  as  did  wood  density  (Fig.  2). 

Chemical  Composition  and 
Brightness  of  Sulfate  Pulps 

The  trend  toward  less  thorough  pulping  of  the 
more  badly  deteriorated  wood,  as  shown  by  the 
lignin  content  of  the  pulps  was  confirmed  by  the 
trend  of  permanganate  numbers  of  the  unpeeled 
wood,  but  an  opposite  trend  was  obtained  for  the 
pulps  from  the  peeled  wood  (Fig.  2).  Trends 
toward  increase  in  lignin  content  and  permanganate 
number  as  wood  deteriorated  had  also  been  ob¬ 
served  in  similar  experiments  with  jack  pine. 

Another  effect  of  time  of  storage  was  the  increase 
in  brightness  of  the  bleached  pulps  (single-stage 
bleach  test)  (Table  2).  The  lignin  content  of  the 


Fig.  2. — Relation  between  yield,  permanganate  number, 
and  lignin  content  of  sulfate  pulps  and  density  of  stored 
slash  pine  puipwood. 


pulps  and  the  presence  of  blue  stain  in  the  stored 
wood  would  lead  one  to  expect  the  opposite.  The 
brightness  of  the  unbleached  pulps,  on  the  other 
hand,  was  unchanged  by  wood  storage. 


Amounts  of  holocellulose,  alpha  cellulose,  and 
pentosans  did  not  change  during  storage. 

Strength  Properties  of  Sulfate  Pulps 

The  sulfate  pulps  made  from  the  stored  woods 
had  lower  strength  properties  (except  tensile 
strength)  than  those  made  from  the  green  woods 
roughly  in  proportion  to  the  amount  of  deteriora¬ 
tion  (Table  3,  Fig.  3).  Although  the  test  values 


Fig.  3. — Relation  between  strength  properties  of  slash  pine 
sulfate  pulps  and  wood  density  after  storage. 


are  variable,  trends  toward  lower  bursting  and  tear¬ 
ing  strength  and  folding  endurance  were  apparent 
with  decrease  in  wood  density.  The  maximum  losses 
in  strength  for  the  pulp  from  the  wood  of  lowest 
density  were  approximately  20  percent  in  bursting 
strength,  25  percent  in  tearing  strength,  and  75  per¬ 
cent  in  folding  endurance.  Tensile  strength,  on  the 
other  hand,  did  not  change  significantly  during  stor¬ 
age  of  the  wood.  This  unusual  stability  of  the  ten¬ 
sile  strength  of  pulps  made  from  decaying  wood 
was  also  noted  with  the  jack  pine  previously  men¬ 
tioned  that  had  been  attacked  by  the  same  fungus. 

The  maximum  losses  noted  for  bursting  and  tear¬ 
ing  strength  and  folding  endurance  are  considered 
to  be  serious.  It  is  estimated  that  fall-cut  wood 
stored  under  the  conditions  of  this  experiment 
should  be  used  within  5  months,  to  avoid  unrea¬ 
sonable  losses  in  pulp  strength. 
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Because  the  chemical  composition  of  the  pulps 
remained  unchanged  with  deterioration  of  the  wood, 
the  loss  in  strength  of  the  pulps  could  not  be  re¬ 
lated  to  their  over-all  chemical  composition.  Nor 
did  the  dispersed  viscosity  of  the  unbleached  pulps 
change  with  deterioration  of  the  wood.  Thus,  the 
loss  in  pulp  strength  likewise  could  not  be  related 
to  a  change  in  the  degree  of  polymerization  of  the 
cellulose  as  a  result  of  the  action  of  the  decay 
organisms. 

Grinding  Characteristics  and 
Properties  of  Groundwood  Pulp 

The  data  on  grinding  characteristics  and  proper¬ 
ties  of  the  groundwood  pulps  are  presented  in 
Table  4.  The  pulp  made  from  the  peeled  wood  de¬ 
clined  slightly  in  Schopper-Riegler  freeness  with 
longer  storage.  This  decrease  in  freeness  might  have 
been  caused  by  the  decrease  in  moisture  content  of 
the  peeled  wood.  In  other  work  it  has  been  found 
that  a  decrease  in  the  moisture  content  of  southern 
pine  resulted  in  lowered  freeness  of  the  ground- 
wood  pulp  but  had  no  effect  on  strength. 

One  of  the  principal  effects  of  storage  was  to 
reduce  the  brightness  of  the  pulp.  The  average 
brightness  of  the  pulps  made  from  the  unpeeled 
wood  dropped  1  percentage  point  in  4  months  of 
storage,  4.5  percentage  points  in  6  months,  and  8 
percentage  points  in  9  and  12  months.  The  great¬ 
est  reduction  occurred  during  the  summer  months 
of  storage.  For  the  peeled  wood,  most  of  the  de¬ 
crease  came  on  the  other  hand,  in  the  first  4  months 
(4.2  percentage  points),  while  the  losses  during  6, 
9,  and  12  months  were  5.5,  6.3,  and  6.2  percentage 
points,  respectively. 

The  bursting  and  tearing  strength  of  the  ground- 
wood  pulps  did  not  change  much  throughout  the 
storage;  but  after  the  fourth  month  for  the  peeled 
wood  and  the  sixth  month  for  the  unpeeled  wood 
there  was  a  marked  increase  in  tensile  strength  with 
storage  time. 

In  these  experiments  no  important  differences 
were  noted  in  the  rate  of  grinding,  energy  consump¬ 
tion,  or  fiber  length  distribution  between  the  green 
wood  and  the  stored  wood.  The  yield  of  pulp  per 
cord  would,  of  course,  be  lowered  by  the  losses  in 
density  that  occurred  in  the  wood  during  storage. 

Summary 

Slash  pine  {Pinus  caribaea)  pulpwood  cut  in 
October  1948  was  stored  both  unpeeled  (rough) 
and  peeled  in  the  wood  yard  of  a  southern  pulp  mill 
for  periods  of  4,  6,  9,  and  12  months.  Representa¬ 
tive  samples  of  wood  were  tested  at  the  end  of  each 
storage  period  for  amount  of  decay,  density,  chem¬ 
ical  composition  and  other  properties,  after  which 
they  were  pulped  by  the  sulfate  and  groundwood 
processes. 

The  peeled  wood  contained  a  considerable  amount 
of  decay  and  had  undergone  a  small  decrease  in 
density  after  4  months’  storage,  but  it  deteriorated 
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Table  4. — Groundwood  Pulping  of  Slash  Pine  After  Various  Perioi 


Grinding  data^ 

- Testa  on  puli 


Energy  - 

— 

con¬ 

Freeness 

Wood 

Pres¬ 

Grinding 

sumed 

- - 

- - 

— 

sure 

rate  of 

per  ton 

Cana¬ 

Re- 

Length 

Ship¬ 

Grinder 

Dryness 

of  wood 

moisture- 

moisture- 

Schop- 

dian 

tainc 

of 

ment 

run 

of 

on 

free 

Power 

free 

per- 

stand¬ 

on 

storage 

No. 

No. 

wood 

stone^ 

wood^ 

inputs 

wood 

Riegler 

ard 

24-m« 

Lb.  per 

Tons  per 

Mo. 

Percent 

sq.  in. 

24  hr. 

Hp. 

Hp.-days 

Cc. 

Cc. 

Perc* 

Rough 

wood 

0 

2,798 

757 

52.7 

15 

0.90 

49 

54 

372 

103 

4.1 

0 

2,798 

756 

52.7 

20 

1.32 

57 

43 

437 

120 

3.'; 

0 

2,798 

755 

52.7 

25 

2.22 

78 

35 

470 

150 

5. a 

4 

2,836 

764 

52.1 

10 

.68 

45 

66 

275 

60 

3.t 

4 

2,836 

762 

52.1 

15 

.84 

48 

57 

315 

80 

4.i 

4 

2,836 

763 

52.1 

20 

1.46 

62 

43 

405 

130 

5.J 

6 

2,863 

792 

59.9 

10 

.61 

40 

66 

232 

50 

2.f 

6 

2,863 

790 

58.8 

15 

1.03 

47 

46 

327 

88 

4.^ 

6 

2,863 

791 

58.4 

20 

1.40 

60 

43 

382 

128 

4.1 

9 

2,900 

819 

58.9 

10 

.60 

38 

62 

272 

70 

3.5 

9 

2,900 

818 

58.9 

15 

.93 

47 

50 

350 

100 

3.S 

9 

2,900 

817 

58.9 

20 

1.42 

59 

41 

422 

137 

3.! 

12 

2,946 

832 

55.0 

10 

.55 

35 

64 

310 

83 

2.! 

12 

2,946 

830 

55.0 

15 

.72 

42 

58 

313 

92 

2.‘ 

12 

2,946 

831 

55.0 

20 

1.76 

71 

40 

400 

148 

3.5 

Peeled 

wood 

0 

2,798 

757 

52.7 

15 

.90 

49 

54 

372 

103 

4. 

0 

2,798 

756 

52.7 

20 

1.32 

57 

43 

437 

120 

3.' 

0 

2,798 

755 

52.7 

25 

2.22 

78 

35 

470 

150 

5.: 

4 

2,837 

767 

77.1 

10 

.70 

44 

63 

265 

.50 

3.; 

4 

2,837 

766 

77.1 

15 

1.26 

.56 

44 

405 

90 

3.1 

4 

2,837 

765 

77.1 

20 

1.88 

67 

36 

435 

130 

3. 

6 

2,864 

795 

84.6 

10 

.60 

43 

72 

237 

37 

1.' 

6 

2,864 

793 

84.6 

15 

.90 

49 

54 

297 

73 

3. 

6 

2,864 

794 

84.6 

20 

1.31 

.52 

39 

333 

92 

2. 

9 

2,899 

823 

82.5 

10 

.55 

38 

68 

298 

80 

3. 

9 

2,899 

821 

82.5 

15 

.81 

47 

58 

310 

80 

4. 

9 

2,899 

822 

82.5 

20 

1.25 

60 

48 

367 

103 

6. 

12 

2,945 

835 

81.8 

10 

.47 

34 

72 

347 

91 

2. 

12 

2,945 

834 

81.8 

15 

.75 

42 

56 

372 

102 

2. 

12 

2,945 

833 

81.8 

20 

1.17 

58 

50 

360 

108 

2. 

‘The  pulpstone  tised  in  this  work  was  composed  of  an  average  60  grit,  aluminum  oxide  abrasive.  It  h 
service  42  hours  before  starting  these  experiments.  The  stone  surface  was  considered  to  be  fairly  sharp,  t 
simultaneously.  The  pit  temperature  was  165°  F.,  and  the  consistency  of  the  pulp  in  the  grinder  pit  range 
-The  basis  weight  of  the  test  sheets  was  115  pounds  per  ream  of  500  sheets  25  by  40  inches  in  size. 
'tThe  total  thrust  of  the  pressure  foot  (determined  by  calibration  of  the  cylinder  pressure)  divided  by  t 
*Per  square  foot  of  wood-stone  contact  area. 

''’Calculated  from  amounts  retained  on  24-.  42-,  RO-  and  150-mesh  screens  and  that  passing  through  th 
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n  pulp  suspension 


Screen  analysis 

Properties  of  pulp  test  sheets^ 

Passing 

Tensile 

through 

on  • 

150- 

length 

Breaking 

Bright¬ 

24-mesh 

mesh 

index^ 

Bursting 

Tearing 

length 

Density 

ness 

Pt.  per  lb. 

Gm.  per  lb. 

Lb.  per 

Gm.  per 

rn 

Percent 

Percent 

per  rm. 

per  rm. 

sq.  in. 

Meters 

cc. 

Percent 

►Tl 

m 

wood 

n 

4.1 

49.5 

0.084 

0.14 

0.47 

877 

1,540 

0.40 

56.5 

H 

3.7 

46.5 

.085 

.13 

.43 

749 

1,420 

.37 

56.3 

5.3 

39.4 

.097 

.08 

.42 

549 

1,100 

.35 

55.5 

O 

►n 

3.8 

.52.8 

.081 

.17 

.65 

1,008 

1,860 

.38 

56.1 

c/5 

4.2 

47.9 

.087 

.14 

.51 

801 

1,520 

.37 

56.2 

d 

5.9 

43.5 

.092 

.09 

.45 

580 

1,235 

.33 

53.0 

O 

50 

2.5 

54.8 

.079 

.17 

.44 

1,270 

2,180 

.41 

53.3 

4.4 

51.9 

.083 

.11 

.43 

755 

1,435 

.37 

51.3 

o 

4.5 

49.2 

.086 

.10 

.39 

632 

1,235 

.36 

50.3 

w 

3.3 

52.1 

.082 

.18 

.50 

1,320 

2,260 

.41 

49.2 

O 

3.9 

49.5 

.085 

.15 

.45 

1,040 

1,930 

.38 

47.7 

3.9 

50.5 

.084 

— 

.42 

668 

1,300 

.36 

46.4 

C/5 

r 

2.2 

51.2 

.082 

.17 

.53 

1,113 

1,960 

.40 

49.3 

> 

2.7 

49.9 

.084 

.17 

.55 

1,250 

2,250 

.39 

48.0 

EC 

3.3 

47.0 

.088 

.13 

.46 

922 

1,750 

.37 

47.0 

2 

wood 

4.1 

49.5 

.084 

.14 

.47 

877 

1,540 

.40 

56.5 

3.7 

46.5 

.085 

.13 

.43 

749 

1,420 

.37 

56.3 

5.3 

39.4 

.097 

.08 

.42 

549 

1,100 

.35 

55.5 

0 

3.3 

55.0 

.079 

.19 

.40 

1,180 

2,070 

.40 

52.8 

z 

3.0 

52.1 

.081 

.10 

.37 

622 

1,250 

.35 

51.7 

2 

3.4 

49.6 

.084 

.07 

.32 

479 

1,020 

.33 

51.3 

C 

t-' 

1.9 

53.7 

.079 

.17 

.47 

1,220 

2,150 

.40 

51.4 

3.7 

51.7 

.082 

.13 

.40 

906 

1,635 

.39 

50.7 

(O 

2.5 

51.1 

— 

.10 

.39 

602 

1,175 

.36 

49.6 

c 

3.9 

51.2 

.083 

.20 

.50 

1,438 

2,350 

.43 

50.2 

> 

4.5 

44.3 

.091 

.17 

.48 

1,108 

2,000 

.39 

50.1 

5.1 

48.0 

.087 

.14 

.46 

938 

1,730 

.38 

49.1 

2.4 

48.1 

.085 

.16 

.49 

1,073 

1,885 

.40 

50.6 

2.2 

47.7 

.086 

.15 

.46 

1,050 

1,845 

.40 

49.7 

2.2 

50.5 

.083 

.15 

.47 

976 

1,805 

.38 

49.5 

It  had  been  dressed  with  10-cut,  1 1^-inch-lead,  spiral  and  14-point  diamond  burrs,  and  had  been  in 
rp.  A  peripheral  speed  of  3,120  feet  per  minute  was  used.  Pressure  was  applied  in  the  three  pockets 
ranged  from  3.0  to  4.3  percent.  The  stone  immersion  was  9  inches. 

[  by  the  area  (96  square  inches)  represented  by  the  product  of  the  pocket  width  and  the  wood  length 
gh  the  150-mesh  screen  of  the  Tyler  series. 
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only  slightly  more  on  further  storage,  mainly  be¬ 
cause  of  its  low  moisture  content.  The  unpeeled 
wood  kept  most  of  its  original  moisture  throughout 
the  12  months  of  storage  and  suffered  a  progressive 
increase  in  decay  and  decrease  in  density  during  this 
period,  so  that  the  total  loss  of  wood  substance  was 
14  percent  of  the  green  weight. 

Loss  of  lignin,  holocellulose,  and  alpha  cellulose 
was  roughly  in  proportion  to  the  loss  in  total 
density. 

Neither  the  green  nor  stored  woods,  unpeeled 
and  peeled,  showed  any  differences  in  their  pulping 
characteristics  by  the  sulfate  process,  except  that  a 
higher  alkali  consumption  was  indicated  for  the 
deteriorated  than  the  sound  wood.  Sulfate  pulp 
yields  per  cubic  foot  of  wood  decreased  in  the 


same  proportion  as  did  the  density.  The  pulps  Trorn 
both  unpeeled  and  peeled  stored  wood  had  lower 
strength  properties  (except  for  constant  tensile 
strength)  than  those  from  the  sound,  green  wood. 
Sulfate  pulps  sustaining  greatest  losses  in  strength 
were  made  from  unpeeled  wood  stored  for  12 
months,  these  losses  approximating  20  percent  in 
bursting  strength,  25  percent  in  tearing  resistance, 
and  75  percent  in  folding  endurance. 

One  of  the  principal  effects  of  storage  was  a  de¬ 
crease  in  groundwood  pulp  brightness.  The  maxi¬ 
mum  decreases  were  8  and  6  percentage  points  for 
the  unpeeled  and  peeled  wood,  respectively.  No 
important  differences  were  noted,  as  between  green 
and  stored  wood,  in  rate  of  grinding,  energy  con¬ 
sumption,  distribution  of  fiber  length,  or  pulp 
strength. 


Discussion 

Mr.  X;  What  results  may  be  expected  from  stor¬ 
ing  wood  in  other  seasons  ? 

Mr.  McGovern:  We  would  expect  that  the  re¬ 
sults  would  be  controlled  by  the  amount  of  deteri¬ 
oration,  as  measured  by  decay  and  density  loss, 
independently  of  the  particular  season  of  storage. 

Mr.  X:  How  do  these  results  compare  with  those 
recently  reported  by  Keaton  and  Gillespie.^ 

Mr.  McGovern:  In  so  far  as  comparisons  can  be 
made  of  the  two  investigations,  it  appears  that  there 
is  good  agreement. 

Mr.  X:  Do  the  results  indicate  that  wood  can  be 
stored  under  the  conditions  of  the  experiments 
longer  than  the  customary  1  to  3  months? 

Mr.  McGovern:  These  experiments  indicated  that 
there  is  a  progressive  deterioration  in  storage,  but 


that  the  allowable  storage  time  without  serious 
losses  in  yield  and  pulp  quality,  may  be  somewhat 
longer  than  generally  believed. 

Mr.  X:  In  the  work  mentioned  on  the  effect  of 
decay  of  jack  pine  by  the  same  organism  as  operat¬ 
ing  on  the  slash  pine,  what  was  the  effect  on  the 
chemical  constituents  of  the  wood? 

Mr.  McGovern:  As  with  the  slash  pine,  the 
losses  in  the  various  wood  constituents  were  roughly 
in  proportion  to  the  losses  in  density. 

Mr.  X:  How  would  pitch  troubles  in  using  the 
groundwood  pulps  for  paper  making  be  affected  by 
storage  ? 

Mr.  McGovern:  Although  the  pulps  were  not 
made  into  papers,  the  tendency  for  decreases  in 
ether  solubilities  in  the  woods  with  increase  in 
storage  time,  might  indicate  a  lessening  of  possible 
pitch  troubles. 


Deterioration  of  Southern  Pine  Pulpwood  During  Storage' 


Ralph  M.  Lindgren,  Sr.  Pathologist,  Division  of  Forest  Pathology,  U.  S.  Bureau  of  Plant  Industry 

Soils  and  Agricultural  Engineering- 


Introduction 

Serious  deterioration  of  pine  pulpwood  during 
extended  storage  in  the  South  has  made  the 
rapid  turnover  of  wood  supplies  an  essential  prac¬ 
tice.  Losses  have  not  been  entirely  avoidable,  how¬ 
ever,  because  of  the  need  to  maintain  adequate  wood 
reserves  for  possible  emergencies,  costs  involved  in 
the  frequent  turnover  of  reserve  supplies,  and  occa¬ 
sional  overstocking  from  unforeseen  developments 
at  the  mill  or  in  pulpwood  production.  The  aggre¬ 
gate  of  losses  due  to  these  factors  constitutes  an 
important  problem  in  a  region  that  produced  almost 
10  million  cords  of  wood  in  1949.® 

A  review  of  literature  for  the  southern  region 
reveals  a  surprising  lack  of  quantitative  data  on  the 
damage  that  results  from  storage  and  the  factors 
that  affect  it.  This  is  true  particularly  for  losses  in 
specific  gravity  of  wood  and  in  yield  of  pulp  in 
relation  to  length  and  season  of  storage.  Conse¬ 
quently,  the  questions  of  how  long  pulpwood  can 
be  stored  safely  and  what  might  be  done  to  increase 
safe  storage  periods  are  largely  unanswered. 

The  purpose  of  the  present  study  was  to  deter¬ 
mine  the  effect  of  length  and  season  of  storage  on 
the  occurrence  of  decay  and  sapstain,  specific  grav¬ 
ity  and  moisture  content  of  some  southern  pine 
pulpwood.  The  work  was  done  on  the  wood-yard  of 
the  Gaylord  Container  Corporation  at  Bogalusa,  La. 
from  July  1948  to  May  1950.  Rainfall  and  temper¬ 
ature  conditions  during  this  period  are  shown  in 
Fig.  1.  Both  rough  (unpeeled)  and  peeled  pulp¬ 
wood,  stored  at  three  seasons  of  the  year  (July, 
October  and  May),  were  sampled  at  different  in¬ 
tervals  during  one  year  of  storage.  After  sampling, 
the  October-cut  wood  was  shipped  to  the  Forest 
Products  Laboratory  at  Madison,  Wisconsin,  for 
further  studies  on  the  yield  and  quality  of  pulp. 

^  Thi'»  work  was  done  in  cooperation  with  the  Gaylord 
Container  Corporation,  Bogalusa,  La.  The  writer  wishes 
to  acknowledge  the  generous  assistance  of  this  company, 
and  the  help  of  W.  F.  Gillespie,  A.  G.  Curtis  and  J.  Risch 
in  facilitating  the  study.  Appreciation  also  is  expressed  to 
G.  M.  Harvey  and  S.  S.  Sorrels  of  the  Division  of  Forest 
Pathology  for  aiding  in  the  field  and  laboratory  work. 

*  In  cooperation  with  the  Southern  Forest  Experiment 
Station,  New  Orleans,  La. 

*  Cruikshank,  James  W. — 1949  Pulpwood  production  in 
the  South.  Forest  Survey  Release  No.  35,  26  pp.,  U.  S. 
Forest  Service,  September  1950. 


The  results  of  these  latter  tests  are  presented  in  a 
separate  paper.® 

Materials  and  Methods 

Cutting  and  storing  of  the  pulpwood  were  car¬ 
ried  out  in  late  July  and  October  1948  and  mid- 
May  1949.  All  test  material  was  obtained  from  21 
to  22  year  old  plantations  of  slash  {Pinus  caribaed) 
or  loblolly  pine  (P.  taeda)  near  Bogalusa,  La. 
Loblolly  pine  was  included  in  the  May-cut  group 
only.  The  bolts  were  63  inches  in  length,  3.2  to  9 


•  K>  *  II  a  »  *  »  4  »  •  ?  •  •  to  Ti  ij  i  J 
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Fig.  1. — Rainfall  and  temperature  during  test  period  in 
comparison  with  normal  values  for  Bogalusa,  La. 

inches  in  diameter  and  practically  free  of  heart- 
wood.  Peeling  was  done  by  hand  and  usually  within 
one  day  after  cutting.  Approximately  15  cords,  half 
of  it  peeled,  comprised  the  test  material  for  each 
species  and  time  of  cutting. 

Within  2  days  after  cutting,  the  pulpwood  was 
stored  in  ricks  about  10  feet  high  on  the  wood-yard 
of  the  Gaylord  Container  Corporation.  Rough  and 
peeled  bolts  were  grouped  separately  but  placed  in 
the  same  rick.  Freshly  cut  commercial  pulpwood 
was  stacked  against  the  sides  and  back  of  the  experi¬ 
mental  ricks.  On  the  whole,  the  conditions  of  stor¬ 
age  were  similar  to  those  encountered  in  regular 
yard  practice  (Fig.  2). 

*  McGovern,  J.  N.,  Martin,  J.  S.  and  Hyttinen,  A. — 
Effect  of  storage  of. slash  pine  pulpwood  on  sulphate  and 
.groundwood  pulp  quality.  Proceedings  Forest  Products  Re¬ 
search  Society.  1951. 
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down  of  the  wood.  In  estimating,  the  entire  volume 
occupied  by  decay  in  a  disk  was  assigned  the  class 
that  most  closely  typified  the  decay  as  a  whole — for 
instance,  60  percent  of  class  (3).  In  computing 
decay  index,  the  percent  volume  of  decay  was  multi¬ 
plied  by  the  class  number  and  divided  by  4.  Thus, 
in  a  disk  having  60  percent  of  the  volume  with 
decay  mostly  of  the  (3)  class,  the  decay  index  was 

60  Xi  ,, 


An  average  of  the  data  for  the  three  disks  per 
bolt  was  taken  to  represent  the  average  specific 
gravity,  moisture  content,  decay  and  stain  condition 
for  the  bolt  as  a  whole.  For  the  entire  study,  1,600 
bolts  and  a  total  of  4,800  disks  were  involved  in 
the  determinations. 


Fig.  2. — View  of  type  of  bolts  and  piling  employed  in  test. 


Fifty  bolts  were  examined  as  a  representative 
sample  for  any  one  test  condition.  These  were  col¬ 
lected  from  each  group  of  freshly  cut  bolts,  as  well 
as  at  2  to  4  month  intervals  from  the  stored  wood. 
The  50  bolts  were  selected  at  random  and  for  stored 
wood,  included  material  from  the  top  to  the  bottom 
of  the  rick.  The  first  records  taken  of  the  stored 
bolts  concerned  their  exterior  appearance  and  con¬ 
dition. 

In  sampling  the  bolts,  1-in.  cross-sectional  disks 
were  sawed  from  the  middle  and  at  points  about  10 
inches  back  from  each’  end.  Green  weights  of  the 
disks  were  obtained  immediately  after  sawing.  From 
the  middle  disk  only,  the  following  data  were  taken 
as  representative  of  the  bolt  as  a 'whole — diameter 
inside  bark,  number  of  rings,  and  heartwood 
amount.  From  all  disks,  the  data  included  specific 
gravity,  moisture  content,  amount  of  decay  and  sap- 
stain,  borer  and  other  insect  presence,  and  the  occur¬ 
rence  of  such  abnormalities  as  knots  that  might  in¬ 
fluence  some  of  the  determinations.  Specific  gravity 
was  based  on  green  volume  oven-dry  weight, 
volume  being  determined  by  the  water  displacement 
method.  Oven-dry  weights  for  moisture  determina¬ 
tions  were  obtained  by  drying  to  constant  weight  in 
a  forced-draft  o%'en  at  about  104°  C.  Sapstain  was 
recorded  on  the  basis  of  the  average  percentage  of 
the  disk  cross  section  that  showed  stain. 

In  recording  decay,  use  was  made  of  a  numerical 
rating  system,  ranging  from  0  to  100,  termed  "de¬ 
cay  index”,  in  which  both  the  volume  and  stage  of 
decay  were  considered.  Essentially  the  same  system 
was  being  tried  by  Scheffer  in  another  study  on  jack 
pine  pulpwood.®  The  stages  or  classes  of  decay  rec¬ 
ognized  in  the  present  study  were:  (1)  decay  dis¬ 
coloration  without  apparent  softening  of  the  wood, 
as  determined  by  probing  cross-sections  with  a  knife 
point;  (2)  slight  and  2.5  moderate  softening  of  the 
wood;  (3)  fairly  pronounced  and  3.5  pronounced 
softening;  (4)  pronounced  softening  accompanied 
by  pockets  or  other  evidence  of  complete  break- 

°  Pascoe,  T:  A.  and  Scheffer,  T.  C. — Jack  pine  pulpwood 
deterioration  in  yard  storage.  Paper  Trade  Journal  131. 
No.  2:16-18,  20-21,  1930. 


Characteristics  of  Freshly  Cut  Bolts 

An  analysis  of  the  data  on  the  freshly  cut  slash 
pine  pulpwood  was  prompted  by  the  wide  variations 
in  specific  gravity  and  moisture  content  between 
bolts.  Furthermore,  these  variations  seemed  to  indi¬ 
cate  certain  growth  relationships  in  the  standing 
tree.  Since  all  bolts  were  obtained  from  a  plantation 
stand  of  definite  age,  the  number  of  rings  was  a 
criterion  of  the  position  of  the  bolt  in  the  tree.  The 
results  of  these  analyses  are  shown  in  Table  1  and 
Figs.  3  and  4. 

The  maximum  range  in  specific  gravity  for  all 
slash  pine  bolts  was  .38  to  .61.  Specific  gravity  de¬ 
creased  progressively  from  the  butt  toward  the  top 
of  the  trees  (Fig.  3).  This  trend  was  even  evident 
within  the  length  of  the  individual  bolts.  For  in¬ 
stance,  the  disks  from  the  large  end,  middle,  and 
small  end  of  all  October-cut  bolts  averaged  .495, 
.492,  and  ,487  in  specific  gravity.  Butt  bolts  in  the 
standing  tree  averaged  about  25  percent  higher  in 
specific  gravity  than  the  top  bolts. 


NUMBER  OF  RINGS  IN  BOLT 

Fig.  3. — Average  specific  gravity  and  percent  moisture 
in  freshly-cut  slash  pine  bolts  from  different  heights  in 
tree. 
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Table  1. — Specific  Gravity,  Percent  Moisture  and  Other  Characteristics  of  the  Freshly-cut  Slash  Pine 
Bolts  Obtained  From  a  21-22  Year  Old  Plantation  Stand 


No.  of 


No.  rings  per  bolt  bolts 

9-10  (top) .  17 

11 . . .  16 

12  . 23 

13  . 21 

14  . 15 

16 . . . . . . .  16 

16... . . . . .  16 

17  . 19 

18  . . .  12 

19  . 13 

20  _ _ _ _  11 

21-22  (butt) . 14 


■For  instance,  on  the  first  line  below,  the  average  ring  width  of 
bolts  with  specific  gravities  below  0.437  was  0.181.  - 
*Dry-wood  basis. 


Average 

specific 

Av.  ring  width  of  bolts  with 
specific  gravity — 

Above* 

Below* 

percent 

gravity 

average 

average 

moisture - 

.437 

.180 

.181 

138 

.449 

.169 

.190 

138 

.452 

.150 

.163 

133 

.471 

.162 

.161 

122 

.467 

.144 

.158 

126 

.472 

.161 

.150 

124 

.493 

.143 

.140 

115 

.497 

.158 

.131 

109 

.507 

.151 

.133 

110 

.519 

.132 

.133 

104 

.528 

.1.34 

.119 

104 

.5,39 

.161 

.139 

97 

with  s|H*cific  gravities  above  0.437  was  O.IHO,  whereas  the  ring  width  of 


AVERAGE  SPECIFIC  GRAVITY  (GREEN  VOLUME -DRV  WEIGHT) 


Fig.  4. — Relation  between  specific  gravity  and  moisture 
content  in  freshly-cut  bolts.  (Points  represent  averages  for 
bolt  groups  with  different  numbers  of  rings. 

Moisture  content  in  the  bolts  ranged  from  70  to 
175  percent  of  the  dry  weight  of  the  wood.  It  in¬ 
creased  steadily  as  number  of  rings  per  bolt  de¬ 
creased — or  from  the  butt  to  the  top  of  the  trees 
(Fig.  3  and  Table  1).  The  average  percentage  of 
moisture  in  butt  bolts  was  only  about  two-thirds 
that  of  top  bolts. 

It  follows  from  the  foregoing  trends  that  the  rela¬ 
tionship  between  specific  gravity  and  percent  mois¬ 
ture  was  an  inverse  one;  even  so,  the  consistency  of 
the  relationship  was  surprising  (Fig.  4). 

Bolts  from  the  faster  growing  trees  in  this  plan¬ 
tation  stand  averaged  as  high  in  specific  gravity  as 
those  from  the  slower  growing  ones  (Table  1). 
However,  the  number  of  rings  per  inch  generally 
ranged  from  5  to  12,  so  that  very  fast  or  slow  rates 
of  growth  were  not  represented.  When  comparing 
disks  within  the  same  tree,  specific  gravity  decreased 
as  number  of  rings  per  inch  decreased. 


Deterioration  of  Rough  (Unpeeled)  Bolts 
Exterior  Condition 

The  outer  bark  was  generally  loose  and  easily 
removable  after  two  months  storage  of  July-cut 
bolts,  due  to  heavy  attack  by  Ips  beetles.  Similar 
conditions  probably  prevailed  for  May-cut  bolts, 
which  were  first  sampled  after  6  months.  In  the 
October  series,  live  cambium  was  common  toward 
the  middle  of  the  bolts  after  4  months,  and  could 
still  be  found  after  6  months  of  storage.  In  all 
groups,  the  bark  remained  adhering  loosely  except 
for  occasional  patches,  after  one  year.  Actual  loss  of 
bark  was  greater  for  loblolly  than  for  slash  pine. 

The  most  prevalent  decay  fungus  on  the  exterior 
of  the  bolts  was  Peniophora  gigantea  (Fig.  5).  The 
white  to  yellowish  mats  or  crust  like  growths  pro¬ 
duced  by  it  were  evident,  in  early  stages,  within  2 


Fig.  5. — July-cut  slash  pine  bolts  after  6  months  of 
storage,  showing  varying  amounts  of  Peniophora  develop¬ 
ment  on  bark  and  ends,  and  bleaching  of  wood  surfaces 
revealed  on  removal  of  bark. 

and  4  months  on  July-  and  October-cut  pulpwood, 
respectively.  Within  6  months,  mat  development 
was  conspicuous  on  most  bolts,  particularly  on  the 
bark  and  end  faces  toward  the  interior  of  the  ricks. 
Knots  or  old  branch  stubs  also  were  favored  places 
for  Peniophora  development. 

Fruiting  bodies  of  several  other  decay  fungi 
appeared  on  the  bolts  of  all  series.  Schizophyllum 
commune,  considered  of  minor  importance,  was 
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present  usually  within  the  first  4  months.  Polyporus 
abiethius,  which  causes  a  pale  sapwood  rot,  was 
fairly  common  after  4  to  6  months.  A  destructive 
brown-rot  fungus,  Lenzites  saepiaria,  appeared  after 
6  months  and  increased  in  prevalence  thereafter, 
particularly  on  May-cut  loblolly  bolts  which  also 
were  the  driest  ones  in  late  stages  of  storage.  Occa¬ 
sional  fruiting  bodies  of  two  other  organisms 
remained  unidentified. 

Removal  of  the  bark  showed  moderate  to  pro¬ 
nounced  bleaching  of  wood  surfaces  under  practi¬ 
cally  all  mats  of  Peniopbora,  indicating  decay  in 
the  wood  below  (Fig.  5).  A  light  to  fairly  dense 
white  growth  of  the  fungus  usually  covered  the 
bleached  areas.  Bleaching  also  was  common  toward 
bolt  ends  exposed  to  the  outside  of  the  ricks,  and  in 
bolts  comprising  the  top  layer  in  ricks,  even  when 
Pen/ophora  was  not  seen  on  the  bark.  It  was  most 
prevalent  toward  the  ends  during  early  storage,  and 
was  later  associated  often  with  old  branch  stubs  or 
knots  in  mid-parts  of  the  bolts.  In  the  absence  of 
bleaching,  the  wood  surfaces  were  dark  brown  in 
color,  or  stained  bluish-black  by  sapstaining  fungi. 

In  addition  to  Ips  bark  beetles,  ambrosia  beetles 
and  wood  borers  {Monocbamus  spp.)  showed  vary¬ 
ing  degrees  of  attack  of  all  pulpwood  series.  Am¬ 
brosia  attack  occurred  early  but  was  never  heavy, 
and  was  most  common  in  the  larger  bolts.  Borers 
were  first  noticed  after  6  months  of  storage  of  the 
July  and  May-cut  groups,  particularly  in  young 
wood  of  low  specfic  gravity.  With  the  possible  ex¬ 
ception  of  the  May-cut  series,  the  amount  of  wood 
lost  due  to  tunneling  by  insects  appeared  to  be 
relatively  minor. 

Exterior  evidences  of  important  deterioration  of 
the  wood  usually  were  present.  Significant  decay 
during  the  first  6  to  9  months  of  storage  was  in¬ 


variably  indicated  by  Peniopbora  mats  on  the  bark 
and  ends,  and/or  bleaching  of  wood  surfaces.  Later 
decay  caused  by  the  more  destructive,  but  localized, 
brown  rot  fungi  often  was  revealed  by  fruiting 
bodies  or  badly  disintegrated  spots  at  or  near  the 
surface.  In  the  absence  of  such  criteria,  the  bolts 
were  seldom  in  a  badly  deteriorated  condition. 

Decay  and  Sapstain 

The  average  amount  of  decay,  as  measured  by  the 
"decay  index”,  and  the  average  percent  of  sapstain 
for  the  different  lengths  and  seasons  of  storage  are 
shown  in  Table  2.  Since  some  inconsistencies  de¬ 
veloped  in  the  application  of  the  decay  rating  sys¬ 
tem,  the  estimated  losses  in  specific  gravity  should 
also  be  considered  in  making  decay  comparisons. 

Decay  development  for  the  first  6  months  of 
storage  was  more  rapid  in  the  May-  and  July-  than 
in  the  October-cut  bolts,  and  in  loblolly  as  compared 
to  slash  pine.  During  the  6  to  9  month  storage 
period,  however,  decay  in  the  October  series  in¬ 
creased  greatly.  After  12  months,  loblolly  still 
showed  more  decay  than  slash  pine,  but  the  differ¬ 
ences  between  species  and  season  of  storage  were 
small  in  comparison  to  those  after  6  months. 
Although  decay  varied  greatly  between  different 
bolts,  there  were  very  few  bolts  in  any  series  with 
only  minor  decay  after  6  months. 

Early  decay  in  all  series  was  concentrated  largely 
in  the  ends  of  the  bolts.  Even  after  6  months,  about 
one-half  of  the  October  series  showed  little  or  no 
decay  in  the  mid-parts  of  bolts.  The  rate  of  decay 
also  varied  between  the  ends  exposed  to  the  outside 
versus  the  inside  of  the  ricks.  Thus,  the  rate  was 
most  rapid  in  the  outside  end  of  the  October-stored 
bolts  but  in  the  inside  end  of  the  May  and  July 
series.  Although  such  differences  within  bolts  tended 
to  be  obliterated  with  longer  storage  periods,  they 


Tabi.e  2. — Unpeeled  Bolts — Preliminary  Data  on  Pine  Pulpwood  Cut  in  July  and  October,  1948  and  May, 
1949  AND  Stored  for  Different  Lengths  of  Time.  Each  Figure  Represents  the  Average  of  50  Bolts 


Moisture  Spec,  gravity  Loss  in 

Time  of  cutting  and  Bolt  Rings  content  (Green  Vol. —  spec,  gravity  Decay 

f  months  in  storage  diam.  per  bolt  (dry  basis)  oven-dry  wt.)  (estimated)'  Sapstain''  index 

.  inches  number  j)ercent  percent  percent 

July-cut  (1948) — slash 

0 . . . .  4.8  14.4  120  .48.S  0  0  0 

2 . . . .  4.6  14.1  117  .  456  .5-5  11  7 

4 . 4.6  14.7  108  .449  6-8  7+  24 

6 .  4.6  14.2  104  .443  7-9  64-  28 

9 .  4.4  13.8  119  .432  9-11  8-1-  ,34 

12 .  4.5  15.2  90  .431  11-13  14-1-  42 

October-cut  (1948) — slash 

0 .  4.5  15.3  113  .491  0  0  0 

4 .  4.4  15.3  109  .480  1-3  3  12 

6 .  4.3  15.0  103  .465  4-6  2-1-  22 

9 . 4.4  15.6  90  .444  9-11  8-)-  46 

12 . 4.5  15.2  85  .417  13-15  18-1-  .55 

May-cut  (1949) — slash 

0 .  4.5  15.0  121  .477  0  0  0 

6 . 4.5  15.6  75  .451  7-9  21-1-  28 

9 . 4.5  15.9  62  .443  9-11  17-1-  50 

12 _ 4.6  15.6  46  .422  13-15  14-1-  64 

May-cut  (1949) — loblolly 

0. . 5.3  15.1  122  .475  0  0  0 

6 . 5.0  15.5  75  .446  8-10  28-|-  42 

9 . 4.8  15.0  54  .  431  10-12  20-1-  52 

12 .  4.8  14.9  36  .417  13-15  16-1-  67 


'See  text. 

"Later  obliteration  of  sapstain  by  decay  is  indicated  by  -|-. 
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Table  3. — Differences  in  Moisture  Content,  Specific  Gravity,  Stain  and  Decay  in  Different  Parts  of  the 


Bolts  After  6 

Months 

OR  1 

Year 

OF  Storage 

.  Each 

FiGURfe 

Represents  Averages 

FOR 

50  Bolts 

Moisture  content 

Specific  gravity 

Stain 

Decay  index 

Time  of  cutting  and 

Out.* 

Mid.* 

Ins.* 

Out. 

Mid. 

Ins. 

Out. 

Mid. 

Ins. 

Out. 

Mid. 

Ins. 

months  in  storage 

end 

Pet. 

part 

Pet. 

end 

Pet. 

end 

part 

end 

end 

Pet. 

part 

Pet. 

end 

Pet. 

end 

part 

end 

Unpeeled 

July-cut  slash  pine 

6 . 

.  105 

109 

97 

.446 

.450 

.435 

8 

4 

7 

22 

23 

38 

12 . 

.  91 

94 

88 

.425 

.443 

.429 

15 

14 

13 

46 

35 

47 

October-cut  slash  pine 

6 . 

.  94 

118 

97 

.4.56 

.472 

.466 

4 

1 

3 

37 

4 

25 

12 . 

.  85 

90 

82 

.399 

.435 

.416 

35 

7 

14 

64 

44 

56 

May-cut  slash  pine 

6 . . 

.  71 

77 

77 

.4.54 

.453 

.445 

31 

15 

16 

27 

25 

34 

12 . 

.  41 

52 

45 

.420 

.427 

.421 

14 

13 

15 

65 

60 

66 

May-cut  loblolly  pine 

6 . 

-  70 

79 

76 

.447 

.449 

.444 

32 

24 

27 

41 

40 

44 

12 . . 

Peeled 

-  34 

39 

35 

.422 

.418 

.411 

19 

14 

17 

67 

67 

69 

July-cut  slash  pine 

6- . 

.  33 

33 

33 

.453 

.453 

.450 

31 

27 

31 

21 

23 

25 

12 . 

.  24 

29 

30 

.44* 

.439 

.434 

36 

34 

37 

31 

42 

48 

October-cut  slash  pine 

6 _ _ 

.  30 

31 

30 

.466 

.470 

.469 

16 

16 

17 

33 

31 

30 

12 . 

.  22 

23 

23 

.460 

.461 

.457 

13 

18 

21 

33 

32 

36 

May-cut  loblolly  pine 

6... . 

.  24 

24 

25 

.459 

.460 

.457 

48 

43 

41 

21 

21 

26 

12 . 

.  22 

23 

21 

.464 

.463 

.463 

42 

41 

39 

31 

29 

29 

'Outside  end — Data  taken  10  inches  back  from  the  bolt  ends  that  were  exposed  to  the  outside  of  the  rick. 
Middle  part— Data  taken  from  the  middle  of  the  bolts. 

Inside  end — Data  taken  10  inches  back  from  the  bolt  ends  that  were  toward  inside  of  the  ricks. 


were  still  evident  after  6  months  and  usually  after 
1  year  (Table  3). 

A  comparison  of  the  amount  of  decay  in  relation 
to  diameter  of  bolt  was  made  by  dividing  the  bolts 


into  the  two  classes  of  4.5  inches-  and  4.6  inches-f-. 
The  data  for  the  6  month  storage  period  are  shown 
in  Table  4.  Although  the  spread  in  diameters  was 
small,  the  bolts  of  large  diameter  tended  to  show  a 


Table  4. — Diameter  of  Bolts  in  Relation  to  Moisture  Content,  Specific  Gravity,  Decay  and  Sapstain.  The 
Bolts  in  Each  Storage  Group  Were  Divided  into  the  Two  Classes  of  4.5-  and  4.6+ 


Time  of  cutting  and 

No.  of 

Rings 

Moisture 

Specific 

Decay 

months  in  storage 

bolts 

Diam. 

inches 

per  bolt 

No. 

content 

percent 

gravity 

Stain 

percent 

index 

Unpeeled 
'July-cut  (slash) 

0 . 

....  20 

3.8 

12.2 

131 

.464 

0 

0 

6 . 

....  22 

3.8 

11.9 

107 

.417 

6 

30 

0 . 

....  30 

5.6 

15.9 

114 

.500 

0 

0 

6 . 

....  28 

5.2 

16.1 

101 

.464 

6 

26 

October-cut  (slash) 

0 . 

....  27 

3.8 

14.0 

119 

.479 

0 

0 

6 . 

....  29 

3.4 

12.9 

106 

.449 

3 

24 

0 . 

....  23 

5.4 

16.8 

104 

.510 

0 

0 

6 . 

May-cut  (slash) 

....  21 

5.4 

18.0 

98 

.489 

2 

21 

0 . 

....  25 

3.7 

11.5 

133 

.448 

0 

0 

6 . 

....  24 

3.5 

12.9 

71 

.428 

23 

35 

0 . 

....  25 

5.4 

18.6 

109 

.504 

0 

0 

6 . . 

....  26 

5.5 

18.1 

78 

.472 

19 

23 

May-cut  (loblolly) 

0 . 

....  18 

3.6 

12.3 

127 

.464 

0 

0 

6 . 

....  21 

3.8 

14.2 

62 

.447 

24 

52 

0 . 

....  30 

6.2 

17.0 

119 

.481 

0 

0 

6 . 

....  29 

5.8 

16.5 

84 

.446 

31 

34 

Peeled 

July-cut  (slash) 

0 . 

....  20 

3.8 

12.2 

131 

.464 

0 

0 

6 . 

....  30 

3.8 

12.8 

32 

.442 

36 

18 

0 . • . 

_  30 

5.6 

15.9 

114 

.500 

0 

0 

6 . 

October-cut  (slash) 

....  19 

5.3 

16.2 

35 

.462 

22 

33 

0 . 

_  27 

3.8 

14.0 

118 

.479 

0 

0 

6 . 

_  27 

3.7 

12.8 

29 

.463 

19 

28 

0 . 

_  23 

5.4 

16.8 

104 

.510 

0 

0 

6 . 

....  22 

5.4 

17.6 

32 

.475 

13 

36 

May-cut  (loblolly) 

0 . 

_  18 

3.6 

12.3 

127 

.464 

0 

0 

6 . 

_  16 

3.7 

12.8 

22 

.459 

.  49 

14 

0 . 

_  30 

6.2 

17.0 

119 

.481 

0 

0 

6 . 

_  33 

5.9 

15.3 

26 

.461 

41 

27 
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lower  decay  index  in  all  series.  Some  of  the  differ¬ 
ences  were  of  questionable  significance  but  a  similar 
trend  was  evident  for  all  storage  periods. 

Peniophora  gigantea  was  responsible  for  prac¬ 
tically  all  of  the  decay  during  the  first  6  months 
of  storage.  Its  inward  progression  from  the  surfaces 
often  continued  until  general  decay  had  been  pro¬ 
duced.  This  was  accompanied  by  a  straw  to  white- 
colored  bleaching  of  the  wood  surfaces.  Early  stages 
of  decay  showed  a  slight  to  moderate  softening  of 
springwood  only.  Later  stages  were  characterized  by 
a  pronounced  softening  of  the  springwood  and  some 
attack  of  the  summerwood,  without  the  formation 
of  pockets  or  cracks  in  the  wood.  After  6  months, 
a  brown  rot,  caused  by  Lenzites  saepraria,  and  one 
or  more  orange  to  brown  rots  of  unknown  origin 
increased  in  prevalence.  These  produced  localized 
pockets  or  areas  of  badly  disintegrated  wood,  often 
near  the  surfaces  of  the  bolts  (Fig.  6).  After  1 


Fig.  6. — Interior  condition  of  some  May-cut  peeled  (8 
bolts  on  left)  and  rough  slash  pine  bolts  after  1  year  of 
storage.  Note  prevalence  of  stain  in  the  peeled  bolts,  also 
the  destructive  brown  rot,  particularly  in  the  rough  bolts 
of  small  'diameter. 

year,  the  brown  rots  were  found  in  varying  amounts 
in  most  of  the  May-cut  bolts  and  in  20  to  40  per¬ 
cent  of  the  July  and  October  series. 

Sapstain.  Stain  occurred  as  patches,  streaks  or 
pie-shaped  areas  that  varied  in  color  from  greenish- 
blue  to  black.  It  developed  most  rapidly  in  the  ends 
of  the  bolts  and  often  did  not  extend  far  below 
the  surfaces  in  the  mid-parts,  except  after  extended 
storage.  The  measurement  of  stain  was  greatly  com¬ 
plicated  by  the  bleaching  or  obliterating  effect  of 
decay  as  storage  periods  increased.  The  result  was 
that  little  relation  between  amount  of  stain  and 
length  of  storage  was  evident.  Therefore,  the  per¬ 
centages  that  were  recorded  after  decay  became  com¬ 
mon  have  little  individual  significance. 

In  general,  sapstain  was  more  prevalent  in  the 
May-  than  in  the  July-  and  October-cut  bolts,  and  in 
loblolly  as  compared  to  slash  pine  (Table  2).  The 
highest  average  percentages  recorded  were  28  for 
loblolly  and  21  for  slash  pine,  both  May-cut  groups 
stored  6  months.  Development  of  stain  apparently 
had  been  rapid  in  the  May  and  July  series,  but 
very  slow  in  the  October  one.  The  more  rapid 
staining  of  end-  as  compared  to  mid-parts  of  the 


bolts  was  evident  usually  for  6  months  or  more 
(Table  3).  Differences  between  the  ends  were  not 
consistent,  but  more  stain  usually  was  recorded  for 
the  outside  end. 

Except  for  entrance  through  ends  or  bruised 
places  on  the  sides,  the  development  of  stain  was 
associated  almost  always  with  insect  attack.  How¬ 
ever,  insect  attack  alone  could  not  account  entirely 
for  the  differences  in  staining  of  ends  versus  mid¬ 
parts  of  bolts,  or  the  slow  staining  of  the  October 
series. 

Specific  Gravity  and  Moisture  Content 

The  average  specific  gravity  and  percent  moisture 
for  the  different  storage  groups  are  presented  in 
Table  2,  The  same  data  appear  graphically  for  each 
of  the  seasons  of  storage  in  Figs.  7,  8  and  9- 


Fig.  7. — Average  specific  gravity  and  percent  moisture  for 
July-cut  bolts  after  different  lengths  of  storage. 


Average  specific  gravity  of  the  wood  for  the  dif¬ 
ferent  groups  decreased  as  length  of  storage  in¬ 
creased.  Although  these  data  indicated  that  losses 
in  specific  gravity  had  oc^rred,  their  significance 
in  terms  of  actual  loss  required  that  the  initial  spe¬ 
cific  gravities  for  each  bolt  group  be  determined. 
In  approximating  initial  specific  gravity  as  closely 
as  possible,  use  was  made  of  the  relationship  shown 
between  average  number  of  rings  per  bolt  and  spe¬ 
cific  gravity  in  the  three  freshly  cut  groups  that 
were  analyzed  at  the  start  of  storage  (Fig.  3).  The 
percent  losses  in  specific  gravity  that  were  obtained, 
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based  on  initial  specific  gravities  adjusted  for  aver¬ 
age  number  of  rings  per  bolt  and  with  some  allow¬ 
ance  for  variations,  are  presented  as  a  range  in 
Table  2.  The  average  of  the  range  for  each  storage 
group  was  used  in  preparing  Fig.  10. 


Fig.  10. — Estimated  percent  reduction  in  specific  gravity  of 
all  test  groups  after  different  lengths  of  storage. 


Fig.  9. — Average  specific  gravity  and  percent  moisture  for 
May-cut  bolts  after  different  len^hs  of  storage. 


Considering  slash  pine  only,  losses  in  specific 
gravity  for  the  May-  and  July-cut  bolts  were  closely 
similar.  They  were  greatest  during  the  first  6 
months  of  storage,  at  which  time  both  groups  had 
been  reduced  7  to  9  percent.  In  contrast,  losses 
were  low  in  the  October  series  during  the  first  6* 
months  but  increased  rapidly  thereafter.  After  9 
and  12  months,  reductions  in  specific  gravity  ranged 
from  10  to  15  percent,  regardless  of  when  storage 
started. 

Loblolly  showed  slightly  greater  losses  in  specific 
gravity  than  slash  pine  during  the  first  9  months  of 
storage.  After  1  year,  the  estimated  reduction  for 
the  two  species  was  alx)ut  the  same  (Fig.  10). 

Specific  gravity  losses  usually  were  greater  in  the 
ends  than  in  the  mid-parts  of  bolts  (Table  3).  Re¬ 
ductions  of  25  percent  or  more  in  the  end  region 
after  9  to  12  months  of  storage  were  not  infrequent. 
Although  losses  were  appreciably  higher  in  outside 
than  in  inside  ends  of  the  October  groups,  the  re¬ 
verse  condition  usually  prevailed  in  the  May  and 
July  series. 

Moisture  content.  The  moisture  content  of  slash 
pine  bolts  continued  favorable  for  decay  develop¬ 
ment  even  after  12  months  of  storage.  Drying  was 
particularly  slow  in  the  July  and  October  series, 
which  still  averaged  85-90  percent  in  moisture  after 
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12  months  of  storage  (Table  2  and  Figs.  7,  8  and 
9).  In  comparison,  water  loss  from  the  May-cut 
bolts  was  much  more  rapid;  average  percentages  of 
moisture  were  75  and  46  for  the  6  and  12  month 
groups,  respectively. 

Loblolly  differed  little  from  slash  pine  for  the 
first  6  months,  but  showed  faster  drying  rates  there¬ 
after.  The  low  average  moisture  content  of  36  per¬ 
cent  after  12  months  indicated  that  conditions  of 
general  decay  retardation  were  being  approached. 

Moisture  contents  were  consistently  lower  toward 
the  ends  than  the  mid-parts  of  the  bolts  (Table  3). 
Differences  often  were  small,  but  in  some  cases  were 
as  much  as  20  percent.  As  between  ends,  the  outside 
end  usually  was  lowest  in  average  moisture  percent 
in  the  October  and  May  groups  but  highest  in  the 
July-stored  series. 

Losses  in  moisture  were  appreciably  greater  in 
bolts  of  small  as  compared  to  large  diameters  (Table 
4).  The  faster  drying  of  the  small  bolts  was  most 
evident  in  the  May-stored  groups. 

Deterioration  of  Peeled  Bolts 
Exterior  Condition 

The  most  pronounced  changes  in  the  exterior 
appearance  of  all  bolt  groups  occurred  within  the 
first  few  months  of  storage.  Staining  of  the  surfaces 
usually  was  rapid  and  was  accompanied  by  varying 
amounts  of  green  mold  (Trichoaerma) .  Although 
such  discolorations  were  fairly  general,  they  often 
were  heaviest  toward  the  middle  and  inside  ends  of 
the  bolts.  Insect  attack  was  absent  except  for  slight 
scouring  by  Ips  under  occasional  bark  patches,  and 
minor  Ambrosia  boring  in  some  of  the  larger  bolts. 

As  in  rough  bolts,  Peniophora  gigantea  was  the 
most  common  decay  fungus.  Light  mats  or  mycelial 
patches  produced  by  it  were  scattered  over  the  sur¬ 
faces  within  1  to  3  months  in  all  storage  groups. 
jThey  were  least  prevalent  in  the  May-cut  series. 
The  mats  formed  a  thin  crustlike  covering  which 
resembled  parchment  on  drying,  and  often  peeled 


off  after  6  or  more  months.  Wood  surfaces  below 
the  mats  usually  were  bleached  but  this  tended  to 
be  obscured  later  as  a  result  of  weathering.  Fruiting 
bodies  of  Schizophyllum  commune  and  Polyporus 
abietinus  also  appeared  within  a  few  months  but 
were  never  abundant.  After  6  months  for  May-  and 
July-,  and  9  months  for  October-cut  bolts,  scattered 
sporophores  of  Lenzites  saepiaria  became  evident. 
These  increased  in  prevalence  with  longer  storage, 
particularly  in  the  July-cut  groups,  but  usually  were 
confined  to  less  than  10  percent  of  the  bolts. 

Such  exterior  evidences  as  general  Peniophora 
development  and  the  presence  of  Lenzites  saepiaria 
or  both  invariably  indicated  serious  deterioration  of 
the  wood.  Absence  of  these  decay  fungi  alorig  with 
bright  bolt  surfaces  was  equally  indicative  of  sound, 
but  not  always  stain-free  wood.  Between  these  two 
extremes,  the  outward  criteria  of  interior  condition 
were  not  clearly  defined.  Although  decay  fungi 
appeared  on  only  a  portion  of  the  bolts,  decay  of 
varying  degrees  was  almost  universal  in  the  wood. 
Large  bolts  with  the  same  exterior  appearance  as 
small  ones  usually  were  the  more  decayed  of  the 
two.  Such  irregularities  complicated  distinctions  be¬ 
tween  individual  bolts  but  did  not  wholly  obscure 
general  differences  between  entire  storage  groups. 
However,  the  rather  large  variations  in  loss  of  spe¬ 
cific  gravity  between  groups  were  not  fully  foreseen 
from  their  relative  outward  appearance. 

Decay  and  Sapstain 

The  average  amounts  of  decay  and  sapstain  in  the 
different  peeled  groups  are  shown  in  Table  5. 
Although  decay  ratings  usually  were  higher  as  losses 
in  specific  gravity  increased,  it  is  apparent  that  uni¬ 
formity  was  lacking  in  applying  the  "decay  index” 
as  a  measure  of  decay.  Difficulties  in  determining 
the  class  of  decay  by  probing  were  accentuated  by 
having  wood  in  varying  degrees  of  dryness.  Further¬ 
more,  visual  evidences  of  both  volume  and  stage  of 
decay  often  were  misleading  because  a  general  off- 


Table  5. — Peeled  Bolts — Preliminary  Data  on  Pine  Pulpwood  Cut  in  July  and  October,  1948  and  May, 
1949,  and  Stored  for  Different  Lengths  of  Time.  Each  Figure  Represents  the  Average  of  50  Bolts 


Time  of  cutting  and 

Bolt 

Rings  per 

Moisture 

content 

Spec.  grav. 
(green  vol. — 

Loea  in 
spec.  ^rav. 

Decay 

months  in  storage 

diam. 

bolt 

(dry  basis) 

(oven-dry  wt.) 

(estimated)  * 

Sapstain- 

index 

uly-cut  (1948) — slash 

0.... . 

inches 

4.8 

number 

14.4 

percent 

120 

.485 

percent 

0 

percent 

0 

0 

_ _ _ _ _ - 

4.4 

14.6 

34 

.463 

3-5 

40 

16 

4.. . 

4.5 

13.7 

40 

.450 

4-6 

24 -t- 

24 

6 . 

4.4 

14.2 

33 

.451 

4-7 

30 -i- 

23 

9 . . 

4.5 

14.8 

39 

.442 

7-9 

29  + 

34 

12 . 

4.4 

14.2 

28 

.440 

7-9 

35+ 

40 

October-cut  (1948) — slash 

0 . . 

4.5 

15.3 

113 

.491 

0 

0 

0 

4... . _ 

4.5 

14.1 

37 

.464 

2-4 

17 

33 

6... . 

4.5 

15.0 

31 

.468 

2-5 

16  + 

31 

9 . 

4.5 

14.9 

25 

.456 

4-7 

19  + 

39 

12 . . . 

4.6 

15.6 

23 

.459 

5-7 

17+ 

34 

May-cut  (1949) — loblolly 

0 . 

5.3 

15.1 

122 

.476 

0 

0 

0 

6.. . 

5.2 

14.2 

24 

.459 

2-5 

44  + 

23 

9... . : . 

4.6 

13.8 

25 

.457 

2-5 

38+ 

32 

12 . . 

4.7 

14.6 

22 

.463 

2-5 

41  + 

29 

‘See  text. 

*Later  obliteration  of  sapstain  by  decay  is  indicated  by  -f . 
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color  that  developed  during  drying,  and  some  pull¬ 
ing  of  fibers  in  sawing,  made  the  wood  appear 
worse  than  it  was.  Therefore,  the  general  tendency 
was  to  overestimate  decay  in  the  peeled  as  com¬ 
pared  to  rough  bolts. 

The  development  of  decay  was  rapid  in  all 
groups  during  the  first  2  to  4  months  of  storage. 
Thereafter,  the  progress  of  decay  was  either  slow 
or  almost  completely  retarded.  Among  the  groups, 
the  July-cut  slash  and  May-cut  loblolly  pine  showed 
the  greatest  and  least  amounts  of  decay,  respectively, 
after  12  months.  There  was  little  change  in  the  con¬ 
dition  of  the  May-stored  loblolly  pine  after  the 
initial  sampling  at  the  end  of  6  months. 

Differences  in  the  distribution  of  decay  within 
the  bolts  were  not  as  pronounced  as  in  the  unpeeled 
groups.  Usually,  the  inside  end  showed  somewhat 
greater  amounts  than  the  mid-part  or  outside  end 
(Table  3).  Furthermore,  decay  in  large  bolts  was 
appreciably  heavier  than  that  in  small  ones  (Table 

4) . 

Peniophora  again  was  the  principal  cause  of  de¬ 
cay  during  the  first  few  months  of  storage.  The 
fungus  penetrated  rapidly  and  eventually  produced 
its  most  advanced  decay  in  the  deep  interior  of  the 
bolt.  After  6  months  of  storage,  spots  of  the  brown 
Lenzites  rot  appeared  in  all  groups,  often  near  the 
surface  and  in  association  with  checks  into  the 
wood.  Only  the  July-cut  bolts  showed  a  great  in¬ 
crease  in  the  frequency  of  brown  rot  with  longer 
storage.  After  12  months,  the  typical  pCKkets  were 
found  in  about  half  of  the  July  as  against  10  per¬ 
cent  of  the  May-  and  October-cut  bolts. 

Sapstain.  The  ranges  in  percent  volume  of  wood 
that  was  stained  were  24  to  40  for  July,  16  to  19 
for  October  and  38  to  44  for  May-cut  bolts  (Table 

5) .  Therefore,  about  twice  as  much  stain  was  ob¬ 
tained  in  summer  as  compared  to  fall  storage.  For 
all  groups,  the  amount  of  stain  was  considerably 
higher  than  that  recorded  for  unpeeled  bolts  stored 
at  the  same  time.  Another  difference  was  that  the 
peeled  bolts  CKcasionally  showed  small  amounts  of 
yellow  and  purple  stain  also.  These  were  often  asso¬ 
ciated  with  surface  mold  development. 

The  maximum  amounts  of  stain  in  all  groups 
usually  were  recorded  at  the  time  of  the  first  sam¬ 
pling  of  the  bolts.  Thereafter,  the  obliterating  effect 
of  decay  acted  to  lower  stain  percentages.  However, 
it  was  apparent  that  practically  all  of  the  staining 
had  taken  place  within  the  first  2  or  3  months  of 
storage  and  that  later  moisture  conditions  were  un- 
favbrable  for  stain  development.  Similar  observa¬ 
tions  on  the  early  occurrence  of  important  staining 
have  been  reported  for  peeled  pulpwood  stored  in 
the  field.® 

Distribution  of  stain  within  the  bolt  did  not  vary 
greatly  (Table  3).  Although  small  bolts  showed 
more  stain  than  large  ones  after  6  months  of  storage 

*  Hepting,  George  H. — Decay  and  staining  of  southern 
pine  pulpwood.  The  Paper  Industry  and  Paper  World 
17:402^04,  June,  1945. 


(Table  4),  their  smaller  amounts  of  decay  probably 
contributed  to  this  difference. 

Specific  Gravity  and  Moisture  Content 

Average  specific  gravity  and  percent  moisture  are 
summarized  for  all  groups  in  Table  5.  Comparisons 
with  the  unpeeled  Ixilts  stored  at  the  same  time  are 
made  in  Figs.  7  to  10. 

Losses  in  specific  gravity  for  all  groups  showed  a 
rapid  early  drop,  followed  by  either  slow  or  no 
apparent  reductions  with  longer  bolt  storage  (Fig. 
10).  Losses  above  5  percent  were  never  reached  in 
the  May-cut  loblolly  pine  but  occurred  after  about 
4  months  in  the  July-  and  6  to  9  months  in  the 
October-stored  bolts.  The  maximum  reduction  of 
about  8  percent  was  shown  by  the  July  series.  Half 
of  this  loss  was  recorded  within  2  months,  after 
which  specific  gravity  showed  little  change  until 
storage  exceeded  6  months.  This  later  lowering  of 
specific  gravity  was  associated  with  an  increase  in 
brown  rot. 

Reductions  in  specific  gravity  were  greater  in 
bolts  of  large  as  compared  to  small  diameter  (Table 
4).  Within  individual  bolts,  the  inside  end  usually 
showed  slightly  higher  losses  than  either  the  mid¬ 
part  or  outside  end  (Table  3). 

There  was  a  close  relationship  between  reductions 
in  specific  gravity  and  average  moisture  contents  of 
the  wood  (Figs.  7,  8  and  9).  In  general,  losses 
ceased  at  25  percent  and  were  rapid  only  when  aver¬ 
age  moisture  contents  for  the  bolt  groups  exceeded' 
35  percent. 

Moisture  content.  Average  moisture  contents  for 
all  groups  had  dropped  from  about  120  to  30  to  40 
percent  at  the  time  of  first  sampling  (Table  5,  Figs. 
7  to  9).  Moisture  contents  after  the  first  sampling 
fluctuated  within  a  narrow  range  in  July,  decreased 
slowly  but  steadily  in  the  October,  and  remained 
uniformly  low  in  the  May  group.  At  the  end  of  the 
year,  averages  for  the  three  groups  ranged  between 
22  to  28  percent. 

Considering  all  storage  periods,  slightly  higher 
moisture  conditions  prevailed  in  the  July  than  in 
the  other  series.  Since  fluctuations  also  occurred,  it 
appeared  that  pick-up  of  rainwater  during  extended 
periods  of  wet  weather  had  been  important  in  the 
July  series  (Fig.  1). 

The  distribution  of  moisture  within  different 
parts  of  the  bolts  was  fairly  uniform  after  6  and  12 
months  of  storage  (Table  3).  For  shorter  periods, 
the  outside  end  usually  showed  somewhat  lower 
moisture  contents  than  either  the  middle  or  inside 
end. 

Differences  in  moisture  content  between  small 
and  large  bolts  were  greatest  during  the  first  few 
months  of  storage.  After  2  months  for  the  July  and 
4  months  for  the  October  groups,  small  and  large 
bolts  showed  (a)  29.2  vs.  38.9,  and  (b)  30.4  vs. 
43.6  percent  moisture,  respectively.  Similar  differ¬ 
ences,  but  of  smaller  magnitude,  were  still  evident 
after  6  months  (Table  4) . 
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Measurement  of  Decay 

The  "decay  index”  used  in  this  study  proved  to 
be  a  fairly  accurate  quantitative  measure  of  the 
progress  of  decay  and  of  losses  in  specific  gravity 
(Fig,  11),  The  greatest  obstacle  to  uniformity  in 


cent  volume  of  wood  with  decay  and  specific  gravity — A, 
for  October-cut  series  and  B,  for  unpeeled  bolts  having 
14  to  16  rings,  from  all  test  groups, 

its  use  arose  in  the  estimation  of  class  or  stage  of 
decay.  Since  such  estimation  is  a  matter  of  personal 
interpretation,  the  inconsistencies  were  kept  to  a 
minimum  by  having  only  one  appraiser  involved 
throughout  the  study.  In  applying  the  system,  there 
was  a  uniform  tendency  to  overestimate  decay  in 
peeled  as  compared  to  unpeeled  wood  (Fig.  11,  A). 


Fig.  12. — Relation  between  percent  volume  of  wood 
with  decay  and  the  decay  index  among  the  different  test 
groups.  (Each  point  is  average  for  150  disks.) 


A  comparison  of  the  "decay  index”  with  the 
volume  of  wood  that  was  decayed  showed  that  the 
two  were  closely  related  (Fig.  12).  This  was  re¬ 
ported  also  from  a  study  on  jack  pine  in  which 
Peniophora  likewise  was  the  most  important  decay 
organism  (5).  Apparently,  with  decay  caused 
largely  by  one  fungus,  the  simple  estimate  of  per¬ 
cent  volume  of  wood  with  decay,  provided  it  does 
not  exceed  the  80  to  90  percent  point,  is  as  satis¬ 
factory  as  the  "decay  index”  for  measuring  decay 
progress  and  estimating  corresponding  losses  in 
specific  gravity.  The  present  data  for  unpeeled  bolts 
of  about  the  same  initial  specific  gravity,  based  on 
number  of  rings,  gave  specific  gravity  losses  of  4  to 
6,  6  to  8,  and  10  to  12  percent  when  25,  50  and 
75  percent,  respectively,  of  the  volume  of  wood 
showed  decay  (Fig.  11,  B).  Such  relationships 
would  not  be  applicable  to  other  cases  of  deteriora¬ 
tion  in  which  different  fungi  and  species  of  wood 
were  involved. 

Weather  and  Deterioration 

The  period  of  July  1948  to  May  1950  usually 
was  much  above  normal  in  both  temperature  and 
rainfall  (Fig.  1).  The  outstanding  features  in  rela¬ 
tion  to  pulpwood  deterioration  were  the  two  warm 
winters  in  which  monthly  averages  were  never 
below  55“,  and  the  long  spell  of  high  rainfall  dur¬ 
ing  the  spring  and  summer  of  1949.  Both  the  July 

1948  to  July  1949  and  October  1948  to  October 

1949  series  were  characterized  by  almost  continu¬ 
ously  warm  and  wet  weather,  with  abnormally  high 
rainfall  extending  for  5  months  or  more  at  the  close 
of  the  periods.  The  year  of  May  1949  to  May  1950 
also  was  above  normal  in  temperature,  particularly 
during  the  winter,  but  had  rather  long  periods  of 
both  above  and  below  normal  rainfall. 

Effects  on  Unpeeled  Bolts.  In  the  deterioration  of 
the  unpeeled  bolts,  rainfall  was  secondary  to  tem¬ 
perature  as  an  influencing  element  of  weather.  Only 
the  May-cut  loblolly  bolts  had  approached  the  crit¬ 
ical  zone  of  30  percent  or  below  at  the  completion 
of  the  tests.  By  this  time,  the  bolts  already  had  been 
carried  beyond  any  reasonable  period  of  storage, 
based  on  the  heavy  deterioration  that  had  occurred. 
Therefore,  the  abnormally  high  rainfall  during 
much  of  the  period  probably  introduced  only  minor 
differences  in  results  between  the  storage  groups,  or 
between  the  test  periods  and  more  normal  years. 

The  high  temperatures  during  most  of  the  study 
were  of  minor  or  great  importance,  depending  on 
the  time  of  their  occurrence.  Those  between  early 
May  to  late  September  probably  had  little  effect  on 
a  rate  of  decay  that  always  is  rapid  at  this  time  in 
the  South.  On  the  other  hand,  the  abnormally  high 
winter  temperatures  undoubtedly  increased  deterio¬ 
ration  at  a  time  when  decay  always  is  retarded  (but 
seldom  stopped)  in  this  region.  Since  both  winters 
were  warm,  it  is  unlikely  that  the  one-year  compari¬ 
sons  between  the  July,  October,  and  May  series  were 
affected  greatly.  However,  more  normal  winter  tern- 


DETERIORATION  OF  SOUTHERN  PINE  PULPWOOD  DURING  STORAGE 


179 


peratures  probably  would  have  led  to  somewhat  less 
deterioration  during  fall  and  winter  storage.  This 
would  have  resulted  in  larger  differences  between 
groups  for  storage  periods  under  one  year  and  also, 
to  less  total  deterioration  for  all  groups  for  9  to  12 
months  of  storage. 

Effects  on  Peeled  Bolts.  Moisture  was  the  critical 
factor  in  the  deterioration  of  the  peeled  bolts. 
Within  2  to  4  months,  drying  had  reduced  moisture 
contents  to  a  point  that  was  retarding  decay  devel¬ 
opment.  Under  these  circumstances,  the  abnormally 
high  rainfall  during  much  of  the  test  period  un¬ 
doubtedly  tended  to  increase  deterioration.  The  high 
temperatures,  on  the  other  hand,  might  have  had 
their  greatest  effect  in  decreasing  decay,  due  to 
acceleration  of  rate  of  drying. 

Abnormal  rainfall  was  most  prolonged  in  the 
July-  and  October-cut  groups.  These  groups  main¬ 
tained  higher  moisture  contents  throughout  the  stor¬ 
age  period,  and  eventually  showed  greater  decay 
and  losses  in  specific  gravity,  than  the  May-cut 
series.  An  increase  in  decay  in  both  groups,  after  6 
months  of  storage,  and  fluctuations  in  the  moisture 
content  of  the  July  series,  were  associated  with  the 
longest  spell  of  wet  weather  during  the  test  period. 
There  was  some  evidence  that  decay  was  encouraged 
more  by  prolonged  than  by  frequent  short  periods 
of  wet  weather.  Although  less  deterioration  for 
July-  and  October-stored  groups  might  have  been 
shown  during  years  of  more  normal  rainfall,  the 
uncertain  effect  of  temperatures  that  also  were  high 
complicates  such  comparisons. 

Discussion  and  Significance 

The  much  higher  specific  gravity  and  lower  mois¬ 
ture  percentages  for  freshly  cut  butt  as  compared  to 
top  bolts  in  the  stand  that  was  sampled  are  highly 
significant  in  relation  to  pulp  yields.  Appreciably 
more  pulp  would  have  been  obtained  from  the  butt 
than  from  the  top  bolts,  whether  the  bolts  were 
measured  by  volume  or  weight.  On  a  volume  basis 
(cord),  their  yield  would  have  been  more  because 
of  higher  specific  gravity;  on  a  weight  basis,  greater 
yields  would  have  resulted  from  the  much  lower 
moisture  percentages. 

The  effect  of  season  of  year  of  storing  on  subse¬ 
quent  deterioration  was  less  pronounced  for  peeled 
than  for  rough  wood.  In  peeled  wood,  moisture 
during  much  of  the  storage  period  apparently  was 
the  most  important  limiting  factor  in  decay  devel¬ 
opment.  Therefore,  even  though  the  fall-cut  group 
deteriorated  slowest  for  the  first  5-6  months,  it 
eventually  showed  greater  decay  than  the  spring- 
stored  or  driest  series.  For  unpeeled  wood,  much 
less  deterioration  occurred  during  the  first  6  months 
of  storage  of  fall  as  compared  to  summer-cut  wood. 
After  9  and  12  months  of  storage,  losses  were  very 
similar  in  all  groups.  Duririg  years  of  more  normal 
winter  temperatures,  the  differences  between  groups 

’’  Keaton,  H.  L.  and  Gillespie,  W.  F. — Elfect  of  storage 
of  southern  pine  on  pul  yield  and  quality.  Paper  Mill 
News  73:  No.  45:14.  1950. 


for  9  months  of  storage  probably  would  have  been 
greater.  However,  it  seems  unlikely  that  important 
effects  of  season  of  cutting  extend  beyond  the  9 
to  12  month  storage  period  for  unpeeled  bolts. 

The  general  belief  that  peeling  is  highly  effective 
in  reducing  deterioration  apparently  requires  some 
qualification  in  the  Gulf  States.  Peeled  bolts  in  these 
tests  were  more  heavily  stained  than  rough  ones, 
regardless  of  season  of  cutting  or  length  of  storage. 
Furthermore,  peeled  wood  showed  the  most  rapid 
decay  and  losses  in  specific  gravity  for  the  first  2 
months  of  summer  and  4  to  5  months  of  fall  and 
winter  storage.  For  periods  no  longer  than  this, 
leaving  the  bark  intact  would  seem  preferable  to 
removing  it.  For  longer  storage,  however,  a  pro¬ 
gressive  advantage  in  reducing  losses  would  be  ex¬ 
pected  from  peeling. 

Since  the  size  and  type  of  pulpwood  to  store 
often  could  be  regulated,  the  possibilities  of  reduc¬ 
ing  deterioration  in  this  way  warrant  consideration. 
Considering  rough  bolts,  there  was  evidence  in  these 
tests  that  decay  was  slower  in  large  than  in  small 
bolts,  and  in  mid-parts  as  compared  to  the  ends. 
Therefore,  it  appears  that  storing  as  large  and  as 
long  pulpwood  as  possible  would  reduce  losses  in 
practice.  Large  bolts  also  would  tend  to  average 
higher  in  specific  gravity  than  small  wood  so  that 
less  volume,  and  yard  space,  would  be  needed  for 
storage.  Thus,  25  percent  less  volume  of  the  butt 
than  of  the  top  bolts  in  this  study  probably  would 
have  represented  similar  reserve  supplies  in  terms 
of  pulp.  As  to  peeled  wood,  small  bolts  showed 
appreciably  less  decay  than  large  ones  so  that  stor¬ 
ing  small  or  split  bolts  would  have  definite  advan¬ 
tages  from  a  deterioration  standpoint. 

The  high  moisture  contents  that  prevailed  in  the 
rough  pulpwood  during  storage  indicated  that  rapid 
seasoning  offers  little  promise  as  a  means  of  reduc¬ 
ing  deterioration  in  unpeeled  wood.  At  best,  drying 
could  be  hastened  only  slightly,  and- there  was  rea¬ 
son  to  believe  that  efforts  at  slowing  down  rather 
than  accelerating  drying  might  be  more  beneficial. 
For  instance,  top  bolts  were  at  least  as  heavily  dam¬ 
aged  as  those  in  the  interior  of  the  ricks.  Therefore, 
the  previously  recommended  practices  that  attempted 
to  improve  air  circulation  around  stored  rough  wood 
must  be  considered  of  very  dubious  value.  With 
peeled  wood,  however,  seasoning  was  rapid  and 
soon  caused  moisture  to  be  a  limiting  factor  in  de¬ 
cay  development.  For  instance,  the  rapid  drop  in 
moisture  from  about  120  to  30  to  40  percent  within 
4  months  of  storage  explains  why  the  high  early 
losses  in  specific  gravity  did  not  continue.  With 
such  conditions,  acceleration  of  drying  through  im¬ 
proved  air  circulation  is  a  practical  control  recom¬ 
mendation  for  peeled  wood. 

Analyses  of  some  of  the  wood  that  was  decayed 
by  Peniophora  gigantea  in  the  present  study  indi¬ 
cated  that  both  cellulose  and  lignin  were  attacked, 
causing  little  change  in  the  chemical  composition 
of  the  wood.*  The  percent  losses  in  pulp  yields 
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from  the  decayed  wood  seemed  to  be  represented 
largely  by  the  percent  reductions  in  specific  gravity 
of  the  stored  wood.  This  would  not  be  true  of  the 
later  decay  caused  by  Lenzites  saepiaria,  which,  how¬ 
ever,  was  relatively  unimportant  except  after  pro¬ 
longed  storage.  Since  this  fungus  is  a  destroyer  of 
cellulose  primarily,  its  effect  on  pulp  yields  would 
greatly  exceed  that  indicated  by  the  losses  in  spe¬ 
cific  gravity.  In  this  connection,  it  is  interesting  to 
note  that  Peniophora  gigantea  apparently  is  a  pre¬ 
dominant  decay  fungus  on  pine  pulpwood  in  the 
Lake  States  (.5),  as  well  as  in  the  South  and  South¬ 
east.  In  practice,  there  are  such  additional  losses 
from  decayed  wood  as  those  caused  in  screening  and 
by  breakage  in  the  barking  drum.  These  probably 
assume  increasing  importance  as  deterioration  be¬ 
comes  greater  with  longer  storage  periods. 

Losses  in  quality  of  pulp  from  stored  southern 
pine  wood  have  been  described  in  a  recent  paper 
(7).  Studies  conducted  along  similar  lines  on  part 
of  the  pulpwood  from  the  present  tests  are  reported 
separately."*  Correlating  results  from  the  latter  and 
the  present  studies,  it  appeared  that  pronounced 
changes  in  pulp  quality  and  losses  in  yield  ap¬ 
proaching  5  percent  are  unlikely  until  after  2 
months  of  summer  or  5  to  6  months  of  fall  and 
winter  storage  in  the  lower  Gulf  Region.  During 
such  storage,  peeled  wood  apparently  can  be  ex¬ 
pected  to  show  both  yield  and  quality  losses  that 
are  at  least  as  high  as  those  for  rough  wood. 

Summary 

Rough  and  peeled  pulpwood  of  southern  pine, 
stored  in  July  and  October  1948  and  May  1949  at 
Bogalusa,  La.  was  sampled  at  intervals  during  one 
year  of  storage. 

The  freshly  cut  pulpwood,  all  from  a  21  to  22 
year  old  plantation,  ranged  in  specific  gravity  from 
.38  to  .61,  and  in  moisture  from  70  to  175  percent. 
Butt  bolts  averaged  25  percent  higher  in  specific 
gravity  and  about  40  percent  lower  in  moisture,  per¬ 
cent  dry  basis,  than  top  bolts  in  the  trees. 

For  rough  bolts,  specific  gravity  was  reduced 
about  7  percent  after  4  months  of  storage  in  late 
spring  and  summer,  as  compared  to  2  percent  for 
late  fall  and  winter  storage.  Approximate  losses 
after  6  months  were  8,  5,  and  8  to  9  percent  for 
the  July-,  October-,  and  May-cut  groups,  respec¬ 
tively.  After  9  to  12  months,  losses  ranged  from  10 
to  1 5  percent  and  were  closely  similar  for  all  groups. 

For  peeled  bolts,  greatest  reductions  in  specific 
gravity  occurred  during  the  first  2  to  4  months  of 
storage  and  later  losses  were  related  to  abnormally 
wet  weather  conditions.  Approximate  losses  after  4 
months  of  storage  were  5  and  3  percent  for  July- 
and  October-cut  bolts,  respectively.  After  6  months, 
they  were  6,  3,  and  3  percent,  and  after  12  months, 
8,  6,  and  3  percent  for  the  July-,  October-,  and  May- 
cut  groups,  respectively. 

The  percent  volume  of  wood  with  decay  was  a 
fairly  accurate  criterion  of  specific  gravity  losses  in 


rough  bolts.  With  25,  50  and  75  percent  of  the 
wood  decayed,  reductions  in  specific  gravity  of  4 
to  6,  6  to  8  and  10  to  12  percent,  respectively,  were 
indicated. 

Specific  gravity  losses  and  the  amounts  of  decay 
in  rough  wood  were  greater  for  small  than  for  large 
bolts,  toward  the  ends  than  the  mid-parts  of  bolts 
and,  during  early  storage,  for  loblolly  than  for  slash 
pine.  For  peeled  bolts,  they  were  greatest  in  large 
bolts  and  varied  only  slightly  in  different  parts  of 
the  bolts. 

Moisture  content  of  rough  bolts  remained  favor¬ 
able  for  decay  after  one  year  of  storage.  Loss  of 
moisture  was  greatest  in  small  bolts,  toward  the  ends 
of  bolts,  and  in  loblolly  as  compared  to  slash  pine. 
For  peeled  bolts,  average  moisture  content  dropped 
from  about  120  to  30  to  40  percent  within  4  months 
of  storage.  Losses  were  most  rapid  from  the  small 
bolts. 

Sapstain  developed  early  and  was  later  obliterated 
by  decay.  For  rough  bolts,  the  highest  percentages 
of  stain  were  28  for  loblolly  and  21  for  slash  pine, 
both  May-cut  groups.  In  peeled  bolts,  the  maximum 
percentages  were  40  for.  July-,  19  for  October-,  and 
44  for  May-cut  bolts.  Therefore,  staining  was  most 
prevalent  in  peeled  and  in  summer-cut  bolts. 

Exterior  evidences  of  interior  condition  of  wood 
were  most  conspicuous  and  consistent  on  rough 
bolts.  These  included  fungus  mats  on  bark  and 
wood  surfaces,  bleaching  of  wood  surfaces,  and 
later,  scattered  fruiting  bodies. 

The  most  prevalent  decay  in  all  groups  was  caused 
by  Peniophora  gigantea,  which  attacked  both  cellu¬ 
lose  and  lignin.  After  6  months,  Lenzites  saepiaria, 
a  destroyer  of  cellulose  primarily,  became  increas¬ 
ingly  important.  Other  minor  decay  fungi  were 
Polyporus  ahietinus  and  Schizophyllum  commune. 

Indications  from  the  results  were: 

1.  Losses  in  specific  gravity  (and  in  pulp  yields*) 
of  3  to  5  percent  can  be  expected  within  about  2 
months  of  summer  and  5  to  6  months  of  fall  and 
winter  storage  in  the  Deep  South. 

2.  Within  the  storage  periods  mentioned  above, 
rough  bolts  are  likely  to  show  less  deterioration 
than  peeled  ones.  With  longer  storage,  there  will 
be  a  progressive  advantage  from  peeling. 

3.  Season  of  storing  rough  wood  is  largely  im¬ 
portant  for  storage  periods  under  9  months.  Within 
such  periods,  fall  storage  will  reduce  losses  appre¬ 
ciably. 

4.  Practices  that  attempt  to  reduce  deterioration 
by  hastening  drying  hold  no  promise  for  rough  but 
are  important  for  peeled  wood. 

5.  Practices  that  will  reduce  deterioration  in 
rough  wood  include  fall  storage  for  periods  up  to  9 
months,  favoring  large  bolts  for  storage,  and  stor¬ 
ing  as  long  bolts  as  possible. 

6.  Practices  that  will  reduce  deterioration  in 
peeled  wood  include  those  of  hastening  drying  of 
bolts  through  improved  ventilation  of  the  ricks, 
favoring  small  bolts  for  storage,  and  splitting  bolts. 
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Discussion 

C.  R.  Silvers'tdes  (Abitibi  Power  &  Paper  Com¬ 
pany)  :  Have  you  done  any  work  on  chemical  con¬ 
trol  measures  that  might  be  useful  in  reducing 
deterioration  ? 

Mr.  Lindgren:  A  number  of  chemical  spray  treat¬ 
ments  have  wen  tried  on  both  peeled  and  unpeeled 
pulpwood.  To  date,  the  evidence  is  that  sprays  con¬ 
taining  3  to  4  percent  solutions  of  sodium  fluoride 
or  ammonium  bifluoride,  if  applied  immediately 
after  cutting  and  peeling,  will  give  a  high  measure 
of  decay  control  in  peeled  pulpwood  stored  for  as 
long  as  a  year.  Such  sprays  have  been  more  effective 
than  the  organic  mercurial  or  chlorinated  phenol 
types  of  dips  or  sprays  that  are  commonly  used  on 
lumber,  posts  and  other  products.  On  rough  wood, 
sprays  of  the  same  fluoride  solutions  applied  imme¬ 
diately  after  cutting  to  the  ends  of  the  bolts  also 
leave  greatly  reduced  decay  losses  for  storage  peri¬ 
ods  of  6  to  9  months.  The  latter  type  of  treatment 
simply  delays  decay  occurrence  for  several  months, 
with  the  result  that  decay  later  becomes  established 
and  continues  rapidly  thereafter. 

Mr.  X:  Is  there  any  evidence  other  than  that  pre¬ 
sented,  that  attempts  at  rapid  drying  of  rough  pulp¬ 
wood  has  no  promise  in  reducing  decay  losses? 

Mr.  Lindgren:  Several  other  tests  conducted  on  a 
smaller  scale  have  included  rough  bolts  stored  in 
open  crib  piles  as  compared  to  bolts  closely  piled  in 
ricks.  Even  though  the  open  crib  piling  permitted 
far  more  rapid  drying  conditions  than  would  be 
practicable  for  most  mills,  loss  of  moisture  from 
the  bolts  still  was  slow,  although  somewhat  greater 
than  in  the  case  of  the  ricked  bolts.  Furthermore, 
decay  losses  in  the  open  crib  piles  always  were  at 
least  as  great  as  those  in  the  ricks.  In  fact,  the 
present  evidence  is  that  the  greater  exposure  and 
drying  in  open  piles  probably  will  increase  rather 
than  decrease  the  decay  hazard  in  rough  bolts.  This 
would  not  be  true  of  peeled  wood,  however,  because 
rapid  drying  of  peeled  bolts  can  be  obtained  and 
usually  is  a  practicable  method  of  reducing  losses. 


Mr.  X:  Since  the  test  period  was  somewhat 
abnormal  from  a  weather  standpoint,  do  you  think 
the  results  presented  are  fairly  representative  for 
more  normal  years? 

Mr.  Lindgren:  I  believe  the  data  presented  are 
fairly  representative  even  though  abnormally  high 
temperatures  prevailed  during  most  of  the  two 
winters  that  were  covered  in  these  tests.  Other  tests 
run  prior  to  and  subsequent  to  the  present  ones 
showed  specific  gravity  losses  that  were  similar  to 
those  obtained  in  these  tests,  even  though  the 
weather  was  more  normal. 

Air.  X:  What  is  your  opinion  of  water  storage 
of  pulpwood  as  a  means  of  reducing  storage  losses? 

Mr.  Lindgren:  Storage  under  water  should  largely 
eliminate  any  losses  due  to  decay  for  an  almost 
indefinite  period.  If  water  storage  could  be  done 
practicably,  it  undoubtedly  would  be  the  most  cer¬ 
tain  way  of  avoiding  losses  for  long  periods  of  time. 
Keeping  the  pulpwood  continuously  wet  by  means 
of  water  sprays  would  seem  also  to  be  effective  if 
it  could  be  done  properly  and  practicably.  Such 
sprays  have  not  been  tried  in  the  South  and  there 
is  considerable  question  whether  it  could  be  carried 
out  efficiently  at  most  mills.  However,  a  trial  would 
seem  worth  while  to  determine  the  possible  useful¬ 
ness  of  the  method. 

Afr.  X:  I  note  that  the  fungus  Peniophora 
gigantea  was  the  most  important  organism  through¬ 
out  this  work.  What  differences  in  results  might  be 
expected  if  other  fungi  than  Peniophora  were 
important  in  certain  storage  losses? 

Mr.  Lindgren:  Since  Peniophora  gigantea  is  the 
type  of  fungus  that  attacks  both  lignin  and  cellu¬ 
lose,  there  is  little  change  in  the  chemical  composi¬ 
tion  of  the  wood  so  that  losses  in  pulp  yields  are 
closely  indicated  by  the  losses  in  specific  gravity  of 
the  wood.  If,  on  the  other  hand,  a  brown-rot 
fungus  had  been  concerned,  Lenzites  saepiaria  for 
instance,  the  cellulose  would  have  been  largely  re¬ 
moved,  leaving  mostly  lignin,  with  the  result  that 
losses  in  pulp  yield  would  have  been  much  greater 
for  the  same  reductions  in  specific  gravity  than 
those  caused  by  Peniophora. 
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Harvesting  Fuel  wood  in  Stick  Form 

Fred  C.  Simmons,  Specialist,  Logging  and  Primary  Processing,  Northeastern  Forest  Experiment  Station, 
U.  S.  Forest  Service,  Upper  Darby,  Pennsylvania 

One  of  the  principal  reasons  for  the  declining  use  of  wood  for  fuel  is  the  high  price  at  which  fuelwood  is  sold.  Much 
of  this  is  due  to  the  cost  of  traditional  harvesting  methods,  which  may  require  as  much  as  two  to  three  man-days  pet 
cord.  With  modern  harvesting  methods  and  equipment  this  can  be  reduced  to  a  fraction  of  a  man-day  per  cord.  The 
author  describes  new  equipment,  now  available,  and  methods  for  harvesting  and  handling  fuelwood  more  economically. 


Cause  of  High  Fuelwood  Costs 

The  currently  higher  and  higher  cost  of  fuel- 
wood  has  resulted  principally  from  higher  and 
higher  costs  of  labor.  The  production  of  fuelwood 
by  old-fashioned  methods  requires  two  and  even 
three-man  days  per  cord.  At  present-day  wage  rates 
this  makes  wood  a  luxury  fuel.  'While  the  pro¬ 
duction  methods  and  facilities  for  handling  and 
transporting  coal  and  oil  have  been  steadily  im¬ 
proved,  those  for  fuelwood  remain  pretty  much  as 
they  were  in  Colonial  days.  Even  logging  camps  in 
our  North  Woods  are  switching  from  wood  to  oil 
and  coal  to  heat  their  bunk  houses  and  cook  their 
meals,  because  wood  from  nearby  stands  costs  them 
about  $25  a  cord  to  harvest  and  work  up  into 
usable  sizes. 

This  need  not  be  so.  With  the  aid  of  modern 
mechanical  equipment  and  methods  the  man-days 
needed  to  produce  a  cord  of  fuelwood  can  be  cut 
to  a  third  or  less  of  the  number  traditionally  needed. 
The  methods  used  by  charcoal  manufacturers  in 
northwestern  Pennsylvania  to  mechanize  their  wood 
harvesting  and  handling  serves  as  an  illustration. 
Up  through  the  depression  days  of  the  ’30’s,  chem¬ 
ical  wood  was  cut  into  52-inch  lengths  by  hand, 
and  the  bigger  sticks  were  split  so  that  the  largest 
piece  would  pass  through  a  10-inch  ring.  The  wood 
was  then  stacked  by  hand  along  trails  through  the 
woods.  These  sticks  were  hauled  out  of  the  woods 
on  stoneboats,  usually  pulled  by  a  single  horse.  The 
sticks  were  picked  up,  one  by  one,  loaded  on  the 
stoneboat,  hauled  to  the  roadside,  and  then  picked 
up,  one  by  one  again  and  stacked  at  the  side  of  the 
road.  Hauling  in  the  ’30’s  was  usually  done  by 
truck,  but  the  sticks  were  again  picked  up  singly, 
and  loaded  on  the  truck.  The  wood  was  hauled  to 
the  mill  yard  and  stacked  one  stick  at  a  time  to 
season  for  18  months  or  so  by  the  side  of  tracks 
upon  which  the  retort  buggies  ran.  Finally  the 
seasoned  sticks  were  picked  up  singly,  and  loaded 
on  the  retort  buggies,  to  be  put  into  the  charcoal 
kilns.  More  than  three  man-days  of  10  hours  or 
more  were  required  to  get  a  cord  of  wood  from 
stump  to  plant.  Yet  the  wood  was  being  delivered 
for  about  $4  per  cord. 


In  the  ’40’s,  particularly  after  the  war  started, 
labor  could  not  be  found  to  work  at  these  rates, 
and  prices  went  up  to  $10  and  even  $12  a  cord. 
Still  enough  wood  could  not  be  obtained  to  meet 
wartime  demands  for  charcoal.  Something  had  to 
be  done,  and  it  was  done.  A  new  method  of  har¬ 
vesting  was  worked  out  which,  instead  of  involving 
handling  each  stick  at  least  six  times  between  stump 
and  retort,  eliminated  this  handling  altogether. 
Splitting  also  was  eliminated,  and  the  period  of  air 
seasoning  was  cut  down  to  about  3  months,  or  cut 
out  altogether. 

An  Example  of  Cost-Cutting  Operation 

The  reduction  in  handling  was  accomplished  as 
follows:  The  trees  were  cut  down  and  the  limbs 
and  tops  chopped  off  in  the  woods.  Then  these  tree 
lengths,  in  bundles  of  two  cords  or  more,  were 
hauled  to  the  roadside  behind  a  medium-sized 
crawler  tractor  and  sulky.  At  the  roadside  the  wood 
was  cut  into  12-  to  15-inch  lengths,  instead  of  the 
traditional  52-inch  sticks,  by  a  slasher  saw,  consist¬ 
ing  of  a  gasoline-powered  circular  saw  that  could 
be  pulled  down  into  each  cut  by  hand,  and  a  spiked 
roll  and  buggy  that  could  advance  the  tree  length 
poles  mechanically  for  each  successive  cut.  These 
short  lengths  fell  onto  a  conveyor  belt,  which  car¬ 
ried  them  up  to  a  waiting  high-side,  stake-body 
truck  or  trailer,  and  dropped  them  loosely  into  it. 
Tests  proved  that  a  truck  load  of  this  loosely  piled 
short-length  wood  contained  as  much  wood  volume 
as  a  load  of  52-inch  sticks  carefully  piled.  At  the 
mill  yard  the  sticks  were  either  dumped  directly 
into  the  retort  buggy,  from  a  ramp,  or  onto  the 
ground  for  seasoning.  Because  the  demand  was  so 
great,  many  of  the  plants  were  making  charcoal 
from  green  wood,  in  spite  of  the  greater  amount  of 
outside  heat  needed  and  the  damage  to  theit  re¬ 
torts.  At  least  one  installed  a  successful  set  of  pre¬ 
dryers,  which  by  the  use  of  waste-stack-gases  dried 
the  wood  in  two  days  as  well  as  it  had  formerly 
dried  in  the  open  yard  in  a  year  or  more. 

This  solution  of  the  chemical  wood  supply  prob¬ 
lem  cannot  be  applied  entirely  to  the  problem  of 
producing  fuelwood.  Fuelwood  production  will  of 
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necessity  probably  remain  a  smaller  scale  business 
than  even  these  relatively  small  chemical-wood  op¬ 
erations.  (The  various  plants  use  15  to  60  cords  a 
day.)  A  different  product  (different  sizes  and 
shapes  of  wood)  is  required. 

But  fuelwood  production  can  be  mechanized, 
and  the  methods  of  producing  and  handling  can  be 
streamlined.  In  many  places  attempts  have  been 
made  to  do  this,  with  varying  degrees  of  success. 
Because  of  the  many  variations  in  topography  and 
degree  of  rockiness  or  bushiness  where  the  wood 
grows;  in  the  size  and  shape  of  the  trees  them¬ 
selves;  in  types  and  skills  of  labor  to  be  used;  in 
distance,  and  routes  of  transportation  to  point  of 
marketing  or  use;  and  in  the  demand  of  the  market 
for  kinds  or  sizes  of  wood,  no  one  solution  is  pos¬ 
sible.  A  big  producer  will  be  able  to  buy  and  use 
relatively  expensive  and  specialized  equipment.  A 
small  part-time  fuelwood  cutter,  like  a  farmer,  can¬ 
not  afford  much  expenditure  for  equipment  and 
for  the  most  part  would  have  to  use  what  he  already 
has  available  (for  operation  of  his  farm),  with  per¬ 
haps  some  inexpensive  auxiliary  devices. 

In  recent  years  much  new  equipment  has  become 
available  that  specifically  meets  the  needs  of  fuel- 
wood  producers. 

New  Equipment  That  Helps 

An  important  new  tool  is  the  one-man  chain  saw. 
Since  World  War  II  the  power  chain  saw  has  been 
scaled  down  in  size  and  price,  and  at  the  same  time 
its  usefulness  and  reliability  have  been  increased. 
Good  saws,  capable  of  making  cuts  up  to  20-inches 
in  hardwoods,  are  now  available  in  weights  of 
about  30  pounds  and  costing  only  about  $300.  Prop¬ 
erly  used,  test  after  test  has  proved  that  such  saws 
can  just  about  double  the  productivity  of  a  man 
using  a  crosscut  or  bow  saw,  and  leave  him  fresher 
and  less  susceptible  to  accidents  at  the  end  of  the 
work  day.  These  results  cannot  be  attained  by  one 
man  working  alone.  Even  w'ith  the  chain  saw,  much 
hand  work  remains,  in  clearing  out  brush,  notch¬ 
ing,  limbing  and  measuring  lengths.  If  the  chain¬ 
saw  operator  has  to  shut  off  his  saw  to  do  this  type 
of  work,  he  is  only  taking  partial  advantage  of  the 
productivity  of  the  tool.  A  second  man  in  the  crew 
who  can  do  these  extra  jobs  will  leave  the  chain¬ 
saw  operator  free  to  keep  the  saw  running  steadily 
and  productively. 

For  the  really  small  producer  the  Swedish  bow 
saw  is  available  for  making  cuts  10-inches  deep  or 
less,  50  percent  faster  than  with  a  tw'O-man  cross¬ 
cut  ^saw. 

Tractors  and  Tractor  Attachments 

The  crawler  tractor  is  the  second  new  tool  to 
make  the  task  of  fuel  harvesting  easier  and  more 
productive.  Good  Diesel-powered  tractors  in  sizes 
as  small  as  30-drawbar  horsepower  have  been  avail¬ 
able  for  some  time,  but  these  are  pretty  big  and 
expensive  for  the  average  fuelwood  producer.  Re¬ 


cently  several  good  gasoline-powered  crawler  trac¬ 
tors  below  20-horsepower  and  even  down  to 
8-horsepower  have  come  on  the  market.  Along 
with  these  there  have  been  developed  and  manufac¬ 
tured  several  accessory  devices  such  as  rear-mounted 
winches,  sulkies,  hydraulic-lift  drawbars,  and  even 
dozer  blades  to  make  these  little  tractors  really  use¬ 
ful  woods  tools.  With  them  the  fuelwood  producer 
will  find  that  he  can  emulate  the  example  of  the 
chemical  wood  producers  and  bring  tree  lengths  of 
second-growth  hardwoods  out  of  the  woods,  where 
they  can  be  bucked  up  more  easily  and  accurately 
at  the  roadside. 

With  the  exception  of  level,  open  woodlands  on 
the  Coastal  Plain  wheel  tractors  are  not  much  good 
in  the  woods.  They  do  not  have  enough  traction, 
and  their  center  of  gravity  is  so  high  that  they  are 
dangerous  to  operate.  Recently,  however,  an  inex¬ 
pensive  conversion  kit  has  been  marketed  to  supply 
crawler  tracks  for  two  of  the  most  popular  and 
adaptable  makes  of  wheel  tractors. 

No  tractor  is  much  good  in  the  woods  without  a 
rear-mounted  winch.  With  such  a  winch  the  oper¬ 
ator  can  reach  into  bushy  or  rocky  places,  or  down 
slopes  and  bring  in  sticks  of  timber  with  less  power, 
and  less  danger  to  himself  and  his  machine  than  if 
he  is  working  with  the  bare  drawbar.  If  he  hits  a 
muddy  place  or  an  upgrade  on  his  trip  to  the  land¬ 
ing  he  can  drop  his  load,  go  ahead  with  the  tractor 
alone,  and  then  winch  the  load  up  to  the  machine, 
getting  50  to  80  percent  more  power  than  was  avail¬ 
able  at  the  drawbar.  At  least  three  manufacturers 
are  now  marketing  excellent  winches  for  rear 
mounting  on  small  crawler  and  wheel  tractors. 

Bucking  Rigs 

There  are  several  easy  and  efficient  ways  of 
bucking  up  tree-length  sticks  at  the  landing.  One, 
adapted  to  use  with  the  same  one-man  power  saw 
as  is  used  in  felling  and  bucking  in  the  woods,  is 
the  bucking  ladder. 

The  bucking  ladder  (Fig.  1)  is  merely  an 
arrangement  of  poles  and  crossbars  upon  which  the 


tree-length  stick  is  rolled,  to  get  it  up  off  the  ground 
for,bucking.  It  may  be  tw'O  parallel  poles,  with  cross 
bars  spiked  on  top  of  them  at  the  intervals  where 
cuts  are  to  be  made  (2  feet  or  4  feet  apart) 
arranged  so  that  it  can  be  skidded  from  place  to 
place  along  the  roadside.  Or  it  can  be  a  semi-per- 
manently  located  structure  built  out  from  the  hill- 


■ 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


wood  from  which  fuelwood  should  be  made  is 
crooked  and  knotty,  even  among  the  easier-splitting 
species.  In  the  past,  considerable  quantities  of  wood 
that  have  been  cut  and  yarded  have  been  discarded 
because  splitting  was  too  difficult. 

Several  types  of  power  splitters  have  been  devel¬ 
oped  to  reduce  the  labor  and  time  spent  on  hand 
splitting.  Most  of  them  work  best  on  relatively  short 
lengths  of  wood.  A  vertical  splitter,  built  by  an 
upper  New  York  State  farmer,  using  a  pitman  arm 
on  a  flywheel,  is  shown  in  Fig.  4.  It  is  powered  by 


side  like  a  skidway,  with  supports  at  the  same  inter¬ 
vals.  Cuts  are  made  just  behind  the  supports  and 
pinching  is  rarely  a  problem.  With  the  ladder  the 
cut  pieces  have  to  be  picked  up  manually,  and  car¬ 
ried  to  the  truck  or  pile. 

A  better  rig  is  the  bucking  chute,  (Fig.  2)  which 
in  its  best  form  is  a  set  of  concave  conveyor  rolls 


Fig.  2. — Hand  operated  bucking  chute. 


upon  which  the  tree-length  stick  is  rolled.  With  the 
aid  of  a  crank,  or  manually,  the  crew  pushes  the 
stick  ahead  to  the  position  where  the  next  cut  can 
be  made,  and  the  cut  sticks  all  fall  off  in  one  place. 

These  simple  rigs  can  be  varied  in  all  sorts  of 
w'ays.  A  powered  circular  saw  can  be  used  to  do  the 
cutting.  Power  can  also  be  applied  to  bring  the  pole 
ahead  for  successive  cuts  by  means  of  a  chain  con¬ 
veyor,  or  better  yet  by  a  spiked  roll  and  buggy  run¬ 
ning  on  a  short  length  of  track.  A  simple  arrange¬ 
ment  using  a  spiked  roll  and  trolley  line,  and  a  cir¬ 
cular  cutoff  saw,  suitable  for  use  by  farmers  and 
other  small  producers  is  illustrated  in  Fig.  3. 


Fig.  4. — Vertical  splitter  powered  by  electric  motor. 


a  3-horsepower  electric  motor.  Horizontal  splitters 
are  also  being  constructed.  The  one  in  Fig.  5  is 
commercially  manufactured  tool,  mounted  on  a  sled 
and  designed  for  4-foot  sticks.  It  uses  hydraulic 
power  from  a  pump  on  a  tractor  to  do  the  splitting. 
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Fig.  3. — Simple  bucking  machine  (chainsaw  can  be  used 
instead  of  circular  saw). 


Splitting 

Splitting  is  usually  the  toughest  problem  of  the 
fuelwood  producer.  Many  sticks  will  be  found  on 
almost  every  operation  that  are  too  big  to  be  used 
for  fuel  unless  they  are  split.  Split  wood  is  also 
desirable.  It  dries  faster,  it  is  easier  to  handle,  and 
many  users  believe  it  ignites  easier  and  burns  better. 
Some  kinds  of  wood  split  easily  by  hand,  provided 
it  is  straight-grained  and  clear.  Among  these  are 
most  of  the  oaks  and  pines,  cedar,  poplar  and  bass- 
w'ood.  Others,  because  of  their  typically  interlocked 
grain,  are  very  difficult  to  split.  These  include  elm, 
blackgum,  and  sycamore.  In  any  case  much  of  the 


Fig.  5. — Horizontal  hydraulic  splitter. 
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There  are  also  explosive  wedges,  which  use  black 
powder  for  splitting.  The  most  widely-used  and  suc¬ 
cessful  are  round  steel  bars  about  18  inches  long, 
with  a  hole  bored  about  half  of  their  length  for  a 
powder  chamber.  The  end  at  which  the  hole  enters 
is  tapered.  These  are  driven  into  the  end  of  the  log 
being  split,  after  a  spoonful  or  two  of  black  powder 
and  a  little  dry  wadding  has  been  placed  in  the 
hole.  A  safety  fuse  is  inserted  in  the  hole  at  the 
side,  and  a  split  chunk  leaned  against  the  driven 
end  to  keep  the  wedge  from  flying  too  far  and  to 
increase  the  splitting  effect.  Then  the  fuse  is  lit. 
These  explosive  wedges  have  proved  very  satisfac¬ 
tory',  even  though  there  is  little  control  over  the  way 
in  which  the  bolt  is  split. 

The  most  generally  satisfactory’  splitting  tool,  in 
my  opinion,  is  the  ordinary’  circular  rip  saw.  Many 
notheastern  pulp  mills  are  now  using  these, 
mounted  in  a  bolting-saw  table.  They  report  that 
there  is  less  loss  of  good  pulpwood  from  saw  kerf 
than  there  is  from  splintering  in  wedge  splitting. 
Also  the  splitting  is  accurately  controlled.  Recently 
a  small  bolter  mounted  on  wheels  has  appeared  on 
the  market,  which  is  ideally  adapted  as  a  portable 
unit  to  do  the  splitting  in  the  woods.  With  two 
wedge-shaped  supports  on  the  table  to  center  and 
hold  the  round  or  half-round  sticks  in  front  of  the 
saw,  it  would  be  a  relatively  safe  and  accurate  tool 
for  bolts  up  to  6  feet  long. 

Another  more  stationary  rig  for  splitting  even 
longer  logs  would  be  a  V-shaped  trough,  with  a 
conveyor  chain  mounted  in  either  side,  and  a  split¬ 
ting  saw  in  the  center.  Such  a  tool  could  be  rigged 
up  quite  elaborately  with  a  return  conveyor  along¬ 
side  for  half  sections  it  was  desired  to  quarter,  and 
a  power  kicker  in  the  main  conveyor  behind  the  saw 
and  another  in  the  return  conveyor  ahead  of  the  saw 
to  transfer  the  logs  or  sections  from  one  to  the 
other. 

As  mentioned  before,  split  sticks  dry’  faster  than 
round  ones.  Tests  have  shown  that  drying  of  round 
sticks,  with  the  bark  on,  proceeds  largely  from  the 
cut  ends.  Eight-foot,  round,  unbarked  sticks  dry’ 
very  little  in  a  year’s  time  in  New  England.  Even 
four-foot  sticks  take  about  18  months  to  dry  down 
to  about  25  percent  moisture  content.  Two-foot 
sticks  will  lose  water  to  this  point  in  a  good  drying 
summer.  So  the  shorter  unsplit  sticks  are  cut,  the 
more  rapidly  they  will  dry’. 

Split  sticks,  on  the  other  hand,  dry  from  the 
sides  as  well  as  from  the  ends.  Splitting,  therefore, 
shouW  be  done  before  drying  is  attempted. 

Loading  and  Handling  Aids 

Loading  and  transporting  fuelwood  requires  a 
great  deal  of  expensive  labor  if  the  work  is  done 
by  hand.  Recent  developments  can  cut  this  labor 
expenditure  materially. 

Short-length  wood  (16  inches  or  2  feet)  can  be 
loaded  with  a  conveyor  loader.  Recently  in  northern 
New  England  there  have  been  offered  for  sale  two 


such  conveyors,  designed  for  loading  four-foot 
pulpwood,  both  being  highly  portable,  and  costing 
less  than  $400  complete  with  motor.  They  can  be 
carried  by  two  men,  and  leaned  against  the  side 
rack  of  the  truck  for  use. 

Fuelwood  can  also  be  handled  in  steel-strapped 
or  cable-wrapped  bundles,  or  on  pallets.  Tubular 
steel  pallets  have  recently  been  developed  for  pulp¬ 
wood.  They  can  be  loaded  in  the  woods,  skidded 
for  short  distances  behind  tractors,  and  loaded  on 
the  truck  by  means  of  a  pair  of  ramps  and  a  power 
winch  behind  the  cab.  At  the  point  of  delivery  these 
pallets  can  be  picked  up  and  dumped  by  a  crane, 
or  they  can  be  equipped  on  one  side  with  quick- 
release  safety-trip  sides,  that  can  be  unlatched  from 
the  opposite  side  of  the  truck,  to  let  the  load  roll 
and  slide  off  onto  the  ground,  using  slope  and 
gravity. 

Steel  strapping  and  cable  wrapping  make  it  pos¬ 
sible  to  handle  fuelwood  more  expeditiously,  pro¬ 
vided  that  power  equipment  is  available  for  han¬ 
dling  large-size  bundles.  Small  bundles  also  present 
opportunities.  One  producer  in  Connecticut  is 
bundling  two-foot  fireplace  wood  by  steel  strapping 
in  units  of  about  one-tw’elfth  of  a  cord.  These  can 
be  placed  in  the  trunk  of  an  ordinary  passenger 
automobile  and  are  finding  a  ready  sale. 

Bundles  of  a  quarter  cord  or  more  can  be  handled 
by  a  jib  boom  on  the  truck  itself,  or  by  an  inde¬ 
pendent  crane.  Many  jib  booms  for  truck  mounting 
are  commercially  available,  and  some  have  been 
constructed  by  l<xal  mechanics.  They  could  be  used 
for  loading  the  bundles  at  the  roadside  in  the 
woods,  and  for  unloading  them  at  the  delivery 
jx)int  in  town. 

Modern  Methods  Exemplified 

Let  us  finish  with  two  ty’pical  and  specific  ex¬ 
amples  of  how’  fuelwood  harvesting  can  be  mech¬ 
anized. 

The  first  example  is  a  farmer  in  northern  New 
England  or  New’  York  State  who  needs  about  30 
cords  of  wood  to  supply  his  new  magazine-type 
wood-burning  space  heater.  This  stove  will  take 
sticks  up  to  24  inches  long  and  8  inches  in  diam¬ 
eter.  The  farmer  has  his  own  hardwood  woodlot 
within  easy  tractor  haul  of  the  home  place,  and 
with  guidance  from  the  local  farm  forester  has 
marked  enough  trees  to  provide  the  30  cords,  as 
well  as  some  logs  and  bolts  for  sale,  on  one  corner 
of  it. 

This  farmer  already  has  a  Ford  tractor,  and  for 
$400  he  buys  a  conversion  kit  that  gives  it  crawler 
tracks  on  the  rear  wheels.  This  gives  him  a  much 
more  useful  tractor  for  general  use  in  the  mud  and 
snow’  seasons.  He  particularly  wants  it  for  plowing 
out  his  walk  and  driveways  and  for  handling  bam 
refuse  in  the  winter  months,  so  this  expenditure  is 
not  charged  against  the  fuel  job.  A  rear-mounted 
w’inch  for  the  tractor  costs  him  another  $250. 
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He  also  buys  a  one-man  chain  saw  for  $300  and 
rigs  up  a  power  splitter  by  attaching  a  splitting 
wedge  to  an  old  steel  shod  tractor  wheel.  This  costs 
him  $50.  The  tractor  pulley  supplies  the  power.  A 
trestle  with  spiked  roll  and  crank  similar  to  the  one 
in  Fig.  3  costs  him  about  6  hours  of  work  and 
another  $12. 

His  capital  investment  then,  chargeable  to  the 
logging  job  is  $612.  With  this  equipment  he  and 
his  boy  cut  up,  split  and  stacked  the  30  cords  of 
wood,  and  also  1500  board  feet  of  logs  and  8  cords 
of  white  birch  millwood  in  twenty  6-hour  days. 
The  balance  sheet  on  this  operation  works  out  as 
follows: 

Expenditures: 

Maintenance  and  depreciation  of  capital 


equipment  (%  cost) _ $204 

Supplies  (gas,  oil,  etc.) _  12 

Labor  (240  hours) _ 240 

Total - $456  $456 

Receipts: 

Sawlogs  ($50  per  M,  roadside) _ $  75 

Turning  bolts  ($22  per  cord) _ 176 

Fuelwood  ($15  per  cord) _ 450 

$701  701 

Profit _  $245 


The  value  of  the  fuelwood  is  based  on  the  local 
price  of  coal  which  would  otherwise  have  had  to  be 
purchased.  This  summary  shows  that  the  farmer 
and  his  boy  not  only  got  the  equivalent  of  a  dollar 
an  hour  for  the  time  they  spent  on  this  job,  but  an 
additional  $245  profit,  only  part  of  which  could  be 
charged  to  the  value  of  the  timber  removed.  In  fact 
the  operation  resulted  in  a  vastly  improved  woodlot 
where  faster  growth  is  expected  on  the  better  trees 
which  were  left. 

As  a  second  example  let  us  take  a  commercial 
fuelwood  operation,  cfesigned  to  produce  800  cords 
of  fireplace  wood  for  a  nearby  city  market.  Equip¬ 
ment  would  include  a  20-horsepower  crawler  tractor 
equipped  with  winch  and  sulky  costing  $3,000,  two 
one-man  chain  saws  worth  $300  each,  a  bolter  saw 


for  splitting,  complete  with  motor,  costing  $1,000, 
a  slasher  saw  with  motor,  worth  $600,  and  a  truck 
equipped  with  a  jib  boom,  and  a  supply  of  1/2-cord 
pallets  costing  $3,000.  The  entire  cost  of  capital 
equipment,  when  new,  was  then  $7,200,  which 
depreciated  over  a  5-year  period  would  amount  to 
$1,240  per  year. 

Stumpage  is  purchased  from  nearby  woodlands  at 
$2.50  per  cord.  The  crew  consists  of  one  power-saw 
operator  and  an  axman  in  the  woods,  the  tractor 
driver  and  his  helper  skidding  the  tree  lengths  to 
the  landing  where  the  other  power-saw  man  bucks 
them  into  6-foot  lengths.  The  larger  sticks  are  then 
split  on  the  bolter  saw,  by  a  second  man.  A  third 
man  on  the  landing  crew  decks  the  6-foot  wood  for 
drying.  This  crew  of  seven  men  decks  up  about  21 
cords  a  day.  When  the  wood  is  ready  for  sale  an¬ 
other  crew  of  two  men  breaks  down  the  decks  and 
cuts  the  wood  into  2-foot  lengths  and  loads  them 
onto  pallets.  The  truck  driver  can  then  lift  six 
pallets  on  his  truck  and  deliver  them  to  customers 
in  the  nearby  town.  Cut-up  and  delivery  by  these 
three  men  runs  at  the  rate  of  about  12  cords  a  day. 
The  boss  supervises  the  entire  operation.  The  oper¬ 
ation  balance  sheet  looks  about  like  this: 


Expenditures  (800  cords); 

Stumpage  at  $2.50 - $2,000 

Depreciation  on  equipment -  1,240 

Maintenance  of  equipment -  620 

Supplies,  including  gas  and  oil -  500 

Labor,  harvesting _ 3,000 

Labor,  delivery  - 1,600 


$8,960 

The  800  cords  of  wood,  even  at  $15  a  cord  deliv¬ 
ered,  which  is  about  half  the  average  current  price, 
would  (in  the  city  in  question)  be  worth  $12,000, 
thus  leaving  $3,040  for  the  boss  for  a  half-year’s 
work;  and  his  equipment,  with  the  depreciation  all 
taken  care  of,  available  for  the  production  of  other 
forest  products  for  the  remaining  half  year. 

Such  examples  could  be  multiplied  indefinitely, 
but  this  should  suffice  to  show  that  wood  should 
definitely  be  included  as  one  of  the  available  fuel 
supplies  in  these  critical  times,  and  in  the  future. 


Discussion 

Charles  S.  Walters  (Illinois  Agricultural  Experi¬ 
ment  Station):  The  farmers  in  Illinois  have  been 
encouraged  to  burn  more  wood,  but  in  our  area, 
where  coal  is  readily  available,  the  interest  in  cut¬ 
ting  fuelw(X)d  is  low.  Many  landowners  view  this 
as  an  arduous,  low-paying,  low-profit  job.  While 
about  half  of  those  I’ve  talked  with  are  satisfied 
with  the  return  for  their  labor;  half  of  them  claim 
a  loss  on  their  work  perhaps  making  only  60  cents 
an  hour.  In  land  clearing,  of  course,  part  of  the 
cost  can  be  recerv'ered  by  cutting  fuelwood. 


Edgar  L.  Heermance  (Northeastern  Wood  Utili¬ 
zation  Council)  :  Would  not  mechanized  equipment 
and  improved  harvesting  methods  encourage  pro¬ 
duction  ? 

Mr.  Walters:  Yes,  that’s  true.  I  believe  that  abil¬ 
ity  and  equipment  are  the  main  factors  influencing 
the  farmers’  interest.  Men  handy  with  woods  tools 
are  not  discouraged  by  the  hard  work.  Custom 
cutting  would  appeal  to  our  farmers  because  they 
are  familiar  with  custom  services  for  harvesting 
other  agricultural  crops.  Mechanical  equipment, 
such  as  power  saws,  does  make  the  job  easier  and 
encourages  production. 
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Fred  E.  Winch  (Cornell  University) :  There  is 
still  a  great  interest  in  wood  as  a  fuel.  In  New  York 
State,  we  put  out  some  publicity  on  the  new  wood 
distillation  furnace,  and  received  over  3,000  re¬ 
quests  for  further  information.  Many  units  have 
been  purchased. 

B.  C.  Williams  (U.  S.  Navy  Department) :  In 
our  shipyard,  we  have  a  large  amount  of  sawdust 
to  dispose  of,  but  nobody  seems  to  want  it.  The 
portable  mills  let  piles  of  sawdust  accumulate.  As 
to  cutting  fuelwood,  the  farmer  today  is  different 
from  the  farmer  of  yesterday.  He  wants  his  day  off 
and  is  not  interested  in  extra-curricular  activities. 
The  smaller  the  acreage,  the  worse  it  is;  the  man 
even  objects  to  holding  a  light  while  the  old  lady 
cuts  up  wood. 

Richard  A.  Hale  (R.  A.  Hale  Logging  and 
Lumber  Co. ) :  My  observations  of  the  improved 
wood  distillation  stoves  are  that  they  do  well  when 
properly  handled.  The  great  difficulty  is  to  get 
people  to  learn  how  to  run  them.  They  are  inclined 
to  operate  them  like  the  ordinary  up-draft  stove. 
There  should  be  a  steady  rather  than  an  intermittent 
fire,  and  a  temperature  high  enough  in  the  com¬ 
bustion  zone  to  avoid  creosote  trouble. 

Henry  W'.  Hicock  (Connecticut  Agricultural 
Experiment  Station) :  After  years  of  research,  my 
general  conclusion  is  that  there  are  certain  inherent 
difficulties  in  the  burning  of  stick  wood.  In  order 
'  to  get  good  combustion,  it  is  necessary  to  provide 
for  mixing  the  correct  amount  of  air  with  the  gases 
produced.  When  appreciable  quantities  of  stick 
wood  are  involved,  supplying  and  mixing  the  cor- 
rett  amount  of  air  with  the  gases  is  quite  difficult. 


The  newer  types  of  slow  combustion  stoves  are  a 
definite  improvement  over  the  conventional  wood 
burning  equipment  used  in  this  country,  but  there 
still  are  factors  which  cannot  be  overcome  without 
greatly  complicating  the  apparatus.  I  believe  the 
answer  lies  in  some  sort  of  stoker  device  which  will 
feed  relatively  small  quantities  of  wood  into  a  com¬ 
bustion  zone,  where  it  will  be  mixed  with  the  right 
amount  of  air  and  burned  at  a  fairly  high  rate. 

Air.  Swain:  What  about  fuelwood  in  cube  form? 

Air.  Simmons:  We  have  been  cooperating  on  that 
with  the  TVA.  The  idea  is  to  cut  sticks  into  2-inch 
disks,  which  are  then  split,  supplying  a  fuel  in 
chunk  form  that  can  be  fed  to  a  furnace  with  a 
mechanical  stoker.  The  only  difference  from  coal 
would  be  that  the  bulk  of  the  fuel  is  about  doubled. 
Ted  Fabyan  of  Portland,  Oregon,  has  developed  a 
gang  saw  that  will  make  14  disks.  In  the  test  plant 
of  the  Forest  Service  at  Beltsville,  Md.,  they  are 
cutting  wood  with  a  one-man  chain  saw,  hauling  it 
in  with  a  crawler  tractor,  splitting  with  a  rip  saw, 
piling  on  skids  for  seasoning,  and  then  cutting  into 
2-inch  lengths,  which  can  be  handled  mechanically. 

Air.  Heermance:  What  would  disk  wood  cost? 

Air.  Simmons:  The  production  of  such  fuel 
should  cost  less  than  a  man-day  per  cord,  which 
makes  it  comparable  with  the  production  of  coal 
or  oil. 

Air.  Hale:  What  percentage  of  loss  would  there 
be  in  the  disking  process? 

Air.  Simmons:  What  you  lose,  of  course,  is  the 
sawdust.  In  a  gang  saw  with  a  1/^  inch  kerf,  you 
would  lose  about  7  percent  of  the  original  wood. 


Source  and  Availability  of  Chipped  Wood  For  Fuel 

R.  R.  Alexander,  Logging  Engineer,  Carthage  Machine  Company,  Carthage,  New  York 


This  paper  summarizes  generally  the  quantity  of  logging  and  sawmill  waste  available  in  this  country  as  a  potential 
source  of  chipped-wood  fuel. 


Introduction 

The  purpose  of  this  paper  is  to  present  material 
for  discussion  in  broad  outline  and  to  attempt 
to  show  something  of  the  source  and  economics  of 
the  production  of  chipped  wood  rather  than  to  cite 
specific  evidences  of  its  utilization  for  fuel.  There 
is  a  tremendous  volume  of  wood  called  waste,  from 
logging,  lumbering,  pulping  and  other  wood  work¬ 
ing  industries,  readily  useable  as  a  raw  material  for 
our  purpose.  This  is  aside  from  the  residues  accru¬ 
ing  from  the  processing  of  primary  growth.  Since 
pulping  processes  in  the  main  cannot  tolerate  bark, 
the  fuel  chip  producer  does  not  have  to  compete 
with  them  for  raw  material,  so  this  discussion  will 
be  limited  to  the  processing  of  such  waste  reduction 
as  logging  slash,  sawmill  waste,  forest  improvement 
cuttings,  culls  and  species  considered  to  be  weed 
trees. 

We  have  been  asked  to  consider  how  chipped 
wood  fuel  can  serve  in  the  mobilization  in  this 
emergency.  In  two  conflicts  we  have  had  to  ration 
petroleum  products  drastically,  and  an  all-out  war 
could  play  havoc  with  our  supplies.  We  have  not 
suffered  aerial  attack  on  this  continent,  but  are  well 
aware  what  this  could  do  to  our  long-range  trans¬ 
port.  Both  petroleum  and  coal  are  dependent  on 
long-range  transport  for  distribution  to  the  vast 
majority;  wood  is  relatively  locally  available.  Recent 
strikes  in  coal  fields  and  transportation  industries 
give  us  ample  evidence  of  what  could  be  the  out¬ 
come  of  sabotage  or  bombing.  The  use  of  wood 
fuel  could  release  valuable  long-range  facilities,  but 
we  must  show  that  the  use  of  chipper  wood  for 
fuel  is  not  only  economically  possible  in  war,  but 
desirable  in  peace,  if  any  real  service  is  to  be  given 
by  the  forest  products  industry. 

Any  suggestion  that  we  return  to  chunk-wood 
fired  and  manually-controlled  furnaces  and  heaters 
would  receive  and  merit  a  poor  reception.  Our 
modern  economy,  at  the  domestic  level,  revolves 
around  the  automatically  fed  and  thermostatically 
controlled  unit.  Chipped  wood  burners  can  and  do 
meet  these  requirements. 

Types  of  Fragmented-Wood  Fuel 

What  is  chipped  wood?  In  the  petroleum  and 
coal  industries  we  may  select  processed  fuel  suitable 
to  our  specifications,  such  as  fuel,  furnace,  diesel 


and  kerosene,  in  oil;  egg,  stove,  nut,  pea  and  stoker 
in  coal.  Perhaps  the  only  two  grades  of  fragmented 
wood  extensively  used  for  fuel  are  sawdust  and 
hogged  fuel.  Lately  these  two  grades  have  been 
augmented  by  a  processed  wood  loosely  termed 
"chipped  fuel”.  It  would  seem  that,  if  wood  fuel 
is  to  be  competitive,  a  breakdown  in  grades  similar 
to  those  for  petroleum  and  coal  is  necessary.  The 
stoker  and  furnace  manufacturers  have  done  well 
to  devise  equipment  to  use  our  crudely  processed 
material,  but  it  seems  that  the  wood  fragmentation 
groups  have  not  kept  pace  and  so  wood,  man’s- 
oldest  source  of  heat,  has  fallen  into  disrepute  as 
a  fuel. 

Since  sawdust  in  bulk  has  been  used  successfully 
for  years  on  the  Pacific  Gsast  and  elsewhere,  it  is 
not  proposed  to  discuss  it  other  than  to  remark  that 
its  uniformity  suits  it  to  automatic  feeding  and 
thermostatic  control  and  to  note  that  there  are  twO’ 
grades,  coarse  and  fine,  the  first  named  considered 
most  desirable.  But  sawdust  can  scarcely  be  called 
a  processed  fuel. 

Hogged  fuel  is  produced  by  wood-hogs  and 
drum-type  wood  chippers.  For  the  most  part  the 
product  of  these  machines  is  non-uniform  in  qual¬ 
ity,  consisting  of  sawdust,  shavings,  chips  and 
slivers.  There  is  ample  evidence  that  improvements 
to  these  machines  are  underway  and  will  result  in 
a  more  uniform  product,  but  presently  it  is  suitable 
for  burning  in  large  installations  where  uniformity^ 
of  the  fragment  is  not  entirely  necessary. 

Available,  but  seldom  used  for  fuel  chipping, 
has  been  the  pulp-mill-type  disc  chipper,  whose 
product  has  had  to  meet  exacting  requirements  of 
uniformity.  Designed  for  the  chipping  of  round 
bolts,  it  was  not  too  adapted  for  the  production  of 
uniform  chips  from  sawmill  and  other  such  type 
waste.  The  latest  models  of  this  machine  can  con¬ 
vert  almost  any  physical  shape  of  wood  to  uniform 
fragments  and  be  set  to  vary  the  size  of  fragment, 
according  to  requirements. 

Of  late,  wood  hog,  drum  chipper  and  disc 
chipper,  have  been  produced  in  efficient  portable 
models.  This  has  widened  their  scope  of  operation 
from  a  purely  plant  application  to  the  field,  and 
has  brought  the  vast  source  of  raw  material  such 
as  logging-slash,  portable  mill  waste,  wood-lot  and 
forest  improvement  cuttings  and  trees  of  no  com- 
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mercial  value  into  economic  being.  Such  material 
was  rarely  utilized  because  of  its  bulk  per  solid 
volume,  making  it  extremely  costly  to  handle  and 
transport.  It  can  now  be  processed  and  loaded  on 
the  spot  and  economically  transported  and  handled. 

We  can  say  that  we  have  the  equipment  available 
to  produce  the  following  grades  of  chipped  fuel; 
(1)  sawdust,  (2)  hogged  fuel,  (3)  chipped  fuel, 
and  that  the  latter  grade  can  be  subdivided  into 
fragments  for  grades  suitable  to  our  purpose.  We 
can  also  say  that  the  equipment  can  go  any  place 
from  which  the  product  can  be  transported. 

Raw  Material  Sources 

Raw  material  for  our  purpose  is  the  most  abun¬ 
dant  of  any  and  there  seems  to  be  few  places  where 
waste  wood  in  good  volume  is  not  available.  Log¬ 
ging  slash  constitutes  some  40  percent  of  useable 
material,  certainly  for  our  purpose,  from  each  tree 
cut  in  wood  operations.  In  most  cases,  this  is  left 
behind  to  rot  in  the  forests,  providing  a  breeding- 
ground  for  pests,  and  a  fire  hazard  that  runs  into 
millions  annually.  Various  costs  of  eliminating  this 
menace  to  our  wealth  by  slash  burning,  range  up¬ 
ward  from  $85.00  an  acre.  Were  this  bonus  alone 
subtracted  from  gleaning  operation  costs  by  fuel 
chipping,  such  operations  would  be  very  attractive. 
Where  relatively  local  markets  are  available  and 
acreage  coverage  is  average,  culls  as  well  as  slash 
'  processed,  a  good  return  can  be  expected.  By  the 
installation  of  chip-burning  equipment  the  wood-lot 
owner  and  population  living  near  forested  areas 
could  greatly  benefit  from  this  source.  Conditions 
vary’  greatly  but  in  the  average  it  has  been  found 
that  chips  from  this  source  can  be  produced  and 
transported  for  $5.00  a  dry  ton  in  operations  cov¬ 
ering  a  50-mile  radius. 

By  far  the  most  available  source  of  raw  material 
for  chipped  fuel  are  the  permanent  and  semi¬ 
permanent  sawmills  dotted  across  this  continent. 
There  the  material  has  been  brought  to  transporta¬ 
tion.  There  are  many  surveys  covering  "w’aste” 
material  from  this  source  showing  over  30  percent 
of  every  log  sawn  to  be  converted  to  slabs  and  edg¬ 


ings  and  3  percent  to  firewood  and  refuse — all 
good  raw  material  for  our  purpose.  Such  bulk  of 
material  may  be  obtained  from  efficient  sawmills; 
a  greatly  augmented  figure  is  given  for  portable 
and  small  installations.  A  recent  trial  of  a  portable 
chipper  operating  at  portable  sawmill  sites  showed 
that  cost  of  chipping  and  transporting  over  a  50- 
mile  radius  could  be  carried  out  for  as  low  a  figure 
as  $3.10  a  dry  ton.  In  most  cases  the  waste  from 
sawmills  is  sold  for  an  extremely  low  figure,  in 
many  cases  given  away  or  left  to  rot. 

We  have  vast  areas  in  this  country,  readily  avail¬ 
able  to  transportation,  covered  by  fast  growing 
species  considered  to  be  "weed  trees”  because  they 
have  no  known  commercial  value.  They  are  per¬ 
fectly  suitable  to  our  purpose.  It  would  be  econom¬ 
ical  and  desirable  to  "clear-cut”  this  acreage  and 
use  part  of  the  profits  from  this  type  of  venture  to 
reforest  with  more  desirable  species,  for  the  use  of 
future  generations. 

The  New  England  States  are  considered  quite 
high  in  the  utilization  picture,  yet  various  estimates 
show  that  some  300.000  tons  of  totally  unused 
sawmill  waste  is  annually  available  from  that 
source.  The  Chief  of  the  Forestry  Co-operation 
Section,  State  of  New  Jersey,  long  noted  as  in  the 
forefront  of  utilization  of  forest  products,  reports 
for  1950  that  "total  cut  of  New  Jersey  grown  saw 
timber,  piling,  furnace  poles,  basket  logs  and  round 
poles  was  26,000,000  board  feet,  Doyle  rule.  Wast¬ 
age  in  limbs  and  tops  will  run  1.5  cords  per  M 
board  feet  down  to  a  4-inch  diameter.  To  a  1-inch 
diameter  (suitable  to  our  purpose)  it  would  prob¬ 
ably  run  1.8  cords  per  M  feet.” 

We  have  heard  and  will  hear  at  this  conference 
of  the  relative  values  of  chipped  wood  for  fuel  and 
of  the  equipment  available  to  burn  it.  It  would 
appear  that  with  a  tremendous  volume  of  raw  mate¬ 
rial  wasting  in  the  field  and  at  plant  sites,  it  should 
not  be  too  difficult,  as  the  facts  become  more  gen¬ 
erally  known,  to  bring  back  wood  to  its  rightful 
place  in  modern  heating  economy  and  at  the  same 
time  to  utilize  some  of  the  material  we  so  prodigally 
waste. 
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A  review  of  the  use  of  wood  fines  as  fuel  in  gravity  feed  stoves  in  the  Pacific  Northwest  and  a  brief  discussion  of 
methods  of  producing  wood  fines  suitable  for  gravity  feeding. 


Introduction 

HE  anticipated  demands  on  fuel  oil,  coal,  nat¬ 
ural  gas  and  hydroelectric  power  for  the  current 
defense  program  and  the  curtailing  of  these  items 
to  the  public  could  result  in  acute  fuel  shortages. 
A  review  of  the  uses  of  wood  fines  as  fuel  in 
domestic  furnaces,  water  heaters  and  kitchen  ranges 
merits  consideration. 

The  gravity  feed  stove  for  burning  wood  fines  is 
simply  a  combustion  chamber,  sometimes  called  a 
Dutch  oven,  attached  to  the  fire-box  of  a  conven¬ 
tional  furnace,  kitchen  range  or  hot  water  heater. 
A  supply  of  fuel  sufficient  to  last  several  hours  is 
contained  in  a  hopper  which  permits  the  fuel  to  fall 
to  the  grates  of  the  Dutch  oven  at  the  rate  of  burn¬ 
ing.  The  fuel  is  clean  and  inexpensive,  costing  today 
40  percent  less  than  fuel  oil  for  home  heating,  and 
utilizing  wood  that  might  be  disposed  of  otherwise 
as  a  nuisance. 

This  domestic  fuel  outlet  is  worth  more  than  one 
million  dollars  per  year  to  the  fuel  dealers  of  the 
Pacific  Northwest.  Moreover,  it  is  reducing  demands 
on  fuel  oil  supplies  by  thirteen  million  gallons  per 
year. 

Use  of  Gravity  Feed  Stoves  in  the 
Pacific  Northwest 

Gravity  feed  stoves,  commonly  called  sawdust 
burners,  became  popular  in  the  Pacific  Northwest  in 
about  1924.  Sawdust  was  cheap,  plentiful  and  of 
good  quality.  The  burners  were  quite  successful.  By 
1929  so  many  units  were  in  service  that  during  the 
coldest  months  the  supply  of  sawdust  was  insuffi¬ 
cient  and  some  users  went  without  fuel.  The  de¬ 
mand  for  sawdust  underwent  a  rapid  change  within 
a  few  years.  At  one  time  the  sawmills  paid  tryckers 
to  haul  away  and  dump  whatever  residuals  they 
could  not  handle  in  their  "waste  burners”.  When 
sawdust  burners  first  appeared,  the  mills  charged 
the  truckers  about  10  to  15  cents  per  200-cubic-foot 
unit  at  the  mill.  The  price  has  steadily  increased 
until  now  it  is  about  one  dollar  per  unit. 

Trucking  costs  are  high  for  this  bulky  material 
whether  it  is  hauled  loose ’in  a  stake-body  truck  or 
in  sacks  of  four  cubic  feet  each.  A  truck  will  take 
150  sacks  or  600  cubic  feet  of  loose  sawdust.  With 
truck  operating  costs  of  about  $7.00  to  $8.00  per 


hour,  deliveries  are  limited  to  distances  of  about  15 
miles  from  the  mills.  A  truck  and  driver  can  aver¬ 
age  four  sack  deliveries  or  eight  blower-truck  deliv¬ 
eries  per  day. 

The  cost  of  sawdust  to  the  consumer,  blown  into 
the  basement,  has  risen  from  about  $3.00  per  unit 
to  around  $7.00  per  unit.  One  unit  will  heat  a  six- 
room  house  for  one  month  in  average  winter 
weather  on  the  West  Coast. 

The  clean,  economical  heat  was  popular  at  first, 
especially  when  costs  of  oil  burner  installations  were 
two  or  three  times  what  they  are  now.  In  the  1920’s 
the  conventional  furnace  could  be  converted  for 
sawdust  burning  for  about  $30.00.  Today  the  cost 
is  about  $80.00. 

Little  attention  was  required  for  the  gravity  feed 
sawdust  burners.  This  was  a  big  advantage  over  the 
hand-stoked  wood  and  coal  burners  which  require 
frequent  firings.  The  cost  of  completely  automatic 
feeas  in  those  days  was  out  of  reach  of  most  of  the 
people,  so  the  sawdust  burner  furnished  the  best 
heat  for  the  least  money.  The  hopper,  with  a  capac¬ 
ity  of  five  to  nine  cubic  feet,  needed  filling  but  two 
or  three  times  a  day.  Ashes,  cleaned  out  once  a 
week,  amounted  to  scarcely  a  handful. 

The  major  obstacle  to  a  greater  use  of  sawdust 
burners  was  lack  of  a  year  around  supply.  When 
the  demand  was  at  its  peak  in  the  winter,  the  saw¬ 
mills  also  had  their  greatest  need  for  fuel  and  could 
not  release  sawdust  to  the  fuel  dealers.  The  fuel 
dealers,  having  limited  storage  facilities,  mostly  un¬ 
covered,  could  do  little  to  allay  the  demand.  Efforts 
to  have  consumers  devote  enough  basement  space 
to  the  storage  of  four  to  six  units,  800  to  1200 
cubic  feet,  were  mostly  unsuccessful. 

After  a  few  cold  winters,  fuel  dealers  built  up 
large  storage  areas  and  strove  to  convince  the  public 
that  it  should  store  sawdust  in  the  summer  when 
the  supply  was  plentiful.  Recently  a  fuel  company 
sent  out  an  appeal  for  cooperation  with  the  guar¬ 
antee  that  for  every  unit  the  customer  stored  in  the 
summer,  the  dealer  would  guarantee  delivery  of  an 
equal  amount  in  the  middle  of  the  winter.  This 
assured  those  who  would  store  sawdust  in  the  sum¬ 
mer  of  having  an  ample  supply  in  the  winter.  The 
plan  worked  and  helped  to  reduce  the  dealer’s 
storage  problems. 
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Another  means  of  increasing  the  supply  of  fuel 
for  domestic  sawdust  burners  during  winter  months 
was  to  screen  the  fines  from  hogged  fuel.  Hogs 
were  set  fine,  perhaps  even  replacing  the  bearings 
to  obtain  good  adjustment  and  assure  a  small  chip. 
The  chips  were  screened  by  passing  them  over  a 
vibrating  steel  sheet  with  punched  holes  one  inch  in 
diameter.  The  fines  falling  through  were  then  deliv¬ 
ered  to  the  sawdust  bins.  The  sawdust  and  screened 
chip  combination  was  marketed  as  half-and-half, 
although  the  ratio  of  chips  to  sawdust  varied  con¬ 
siderably  in  any  individual  load. 

Extending  the  supply  of  winter  sawdust  by  out¬ 
side  storage,  home  storage  and  random  addition  of 
chips  did  not  solve  the  problem  completely.  The 
indiscriminate  use  of  any  species  or  quality  of  fines 
during  the  period  of  heavy  demand,  caused  much 
dissatisfaction.  Many  people  began  to  change  over 
to  oil  burners  at  the  end  of  the  depression.  Money 
was  more  plentiful,  oil  burners  were  being  produced 
in  larger  numbers  and  the  installation  price  had  de¬ 
creased  considerably.  During  1934  and  1935  the 
changeover  went  on  rapidly.  People  seemed  willing 
to  pay  a  premium  for  the  oil  fuel  to  get  away  from 
the  nuisance  and  the  labor  involved  in  handling 
sawdust.  The  furnace  companies  pushed  the  sale  of 
oil  burners  because  installation  income  was  greater 
than  with  sawdust  burners.  Consequently,  since  the 
end  of  the  depression,  very  few  sawdust  burners 
'  have  been  sold. 

The  fuel  companies  and  the  mills  in  Seattle,  not 
wanting  to  lose  the  sawdust  trade  combined  forces 
to  set  up  a  sales  agency  and  keep  sawdust  burners 
on  the  market.  While  partially  effective,  the  trend 
toward  oil  fuel  continued.  By  1939,  the  sales  asso¬ 
ciation  was  no  longer  functioning. 

Since  1939,  installations  of  sawdust  burners  in 
the  northwestern  United  States  have  been  mostly 
second-hand  units.  This  is  not  true  in  British 
Columbia,  where  high  costs  of  oil  burner  installa¬ 
tions,  the  high  cost  of  oil,  a  scarcity  of  oil  burners 
and  a  very  good  wood  fuel  distribution  system  have 
operated  to  keep  sawdust  in  a  prominent  place.  For 
one  large  Vancouver  company,  the  domestic  sawdust 
business  is  worth  $150,000  per  year.  However,  the 
general  trend  today  in  the  Pacific  Northwest  is  the 
removal  of  sawdust  burners  and  their  replacement 
with  oil  burners. 

The  Gravity  Feed  System 

A.  continuous  supply  of  fuel  for  the  Dutch  oven 
burner  is  supplied  by  a  hopper.  The  hopper  must 
pass  fuel  to  a  grate  ten  inches  wide  in  some  furnace 
units  or  to  grates  four  or  six  inches  wide  in  kitchen 
ranges  and  hot  water  heaters.  To  provide  storage 
capacity,  the  hopper  is  flared  out  above  the  delivery 
point.  Where  the  flaring  out  occurs,  the  troubles  of 
gravity  feed  systems  are  concentrated.  The  weight 
of  the  fuel  causes  a  pressure  in  this  space,  and  a 
tendency  to  wedge. 


For  efficient  feeding,  the  throat  width  of  the 
hopper  should  be  almost  the  same  as  the  width  of 
the  grate,  thus  depositing  a  uniform  layer  of  fuel 
over  the  grates. 

Because  the  weight  of  the  sawdust  is  directly  on 
the  horizontal  grate,  the  fuel  feeds  only  as  fast  as  it 
burns.  To  regulate  burning  therefore,  the  controls 
must  be  on  the  flue  damper  and  grate  draft.  An 
automatic  thermostat  to  regulate  the  draft  is  avail¬ 
able  for  about  $20.00. 

The  hopper  is  hinged  to  permit  access  to  the 
burner  for  cleaning  purposes  and  for  laying  a  new 
fire.  An  agitator  or  pressure  eliminator  is  suspended 
in  the  hopper  to  prevent  the  fuel  from  arching  over 
and  hanging-up.  The  small  units  for  kitchen  ranges 
and  hot  water  heaters  generally  have  no  agitators. 
It  has  been  found  that  a  round  hopper  will  feed 
rough-cut  fines  better  than  will  a  rectangular 
hopper. 

When  hang-ups  occur,  they  are  caused  usually  by 
chips  which  have  fallen  in  such  a  manner  that  they 
tend  to  form  an  arch  and  they  are  held  tightly  in 
the  arch  by  the  weight  of  the  material  in  the  hopper 
above.  Fuel  that  is  too  wet  packs  the  throat  tightly 
and  will  cause  a  hang-up.  Long  slivers,  reaching 
clear  across  the  throat,  will  cause  hang-ups  very 
quickly  as  will  dry  fuel  lacking  the  weight  to  pre¬ 
vent  the  ashes  from  arching  and  blocking  feed  to 
the  grates.  The  fire  then  will  burn  up  into  the 
hopper  filling  the  house  with  the  persistent  smell  of 
smoke  and  wood  distillate.  When  the  arch  has 
burned  out,  the  sudden  release  of  sawdust  will 
smother  the  remains  of  the  fire.  The  gases  above  the 
smothered  fire  will  ignite  when  the  fire  burns 
through  the  new  fuel-bed  and  blow  back  with  a 
bang.  This  blow-back  tendency  discourages  some 
home  owners  from  using  sawdust  burners.  When  a 
fire  is  actually  smothered  so  that  it  goes  out  or  when 
a  fire  is  shut  down  for  considerable  periods,  the 
flue  pipes  cool  down.  The  wood  distillate  condenses 
in  the  pipes  as  well  as  on  the  door  of  the  draft  and 
in  the  throat  of  the  hopper.  The  distillate  will  cor¬ 
rode  the  metal  and  necessitate  frequent  cleaning  of 
the  flue  pipes  and  the  hopper  throat.  Replacement 
of  the  flue  pipes  may  be  required  every  few  years. 
The  hang-ups,  largely  offsetting  the  advantages  of 
the  gravity  feeding  system,  have  been  the  object  of 
much  study  looking  to  their  correction. 

A  prime  consideration  is  the  size  of  the  fuel  in 
relation  to  the  size  of  the  throat  through  which  it 
must  pass.  For  the  small  units  with  throat  widths  of 
less  than  ten  inches,  the  fines  must  not  exceed  the 
size  of  coarse  sawdust.  One-quarter  inch  cubes 
approach  the  maximum  size.  Because  of  the  feeding 
difficulty  in  the  small  throats  on  kitchen  ranges  and 
hot  water  heaters,  much  care  is  taken  to  reduce  the 
chances  for  hang-ups.  Frequent  cleaning  and  polish¬ 
ing  of  the  throat  and  the  hopper,  using  a  lye  solu¬ 
tion  to  clean,  rags  to  polish  and  hard  wax  or 
powdered  graphite  to  reduce  friction  are  standard 
practices. 
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For  furnace  units  with  throats  over  ten  inches 
wide,  the  maximum  size  of  fines  runs  to  three  inches 
long  and  one  inch  square  but  the  pieces  over  one- 
quarter  inch  square  should  not  exceed  fifty  percent. 
The  remainder  should  be  fines  of  the  consistency  of 
sawdust  with  the  ability  to  flow. 

Some  hoppers  have  a  one-inch  mesh  screen  set 
across  the  top  to  screen  out  big  chunks,  stringy 
material  and  slivers  all  of  which  are  potential  hang¬ 
up  producers.  The  screen  also  breaks  up  tightly 
packed  fines  and  delivers  only  loose  free  fuel  to  the 
hopper. 

If  the  proportion  of  large  chips  is  excessive  and 
the  hopper  lid  is  not  tight,  air  will  come  down  to 
the  grates  through  the  hopper.  The  extra  draft,  thus 
caused,  may  be  enough  to  keep  the  fire  burning 
quite  briskly,  wasting  fuel  and  perhaps  keeping  the 
house  too  warm.  If  the  fuel  is  too  light  in  weight, 
like  shavings,  it  will  not  settle  in  the  hopper  and 
the  fire  may  burn  up  into  the  hopper.  When  light¬ 
weight  fuel  does  reach  the  grate,  the  draft  may  lift 
it  into  the  combustion  chamber,  where  it  will  pass 
off  into  the  flue  in  a  half-burned  condition.  Storage 
in  a  basement  for  a  few  months  can  dry  fines  out  so 
that  they  burn  too  fast  but  wetting  periodically  can 
prevent  this.  If  the  fuel  is  too  wet,  however,  it  will 
cake  and  will  not  feed. 

To  insure  positive  feeding,  oversize  grates  have 
been  used  with  a  correspondingly  big  hopper  throat 
and  a  high  furnace  heat  output.  Extra-large  wood 
particles  may  be  fed  into  this  type  of  unit.  However, 
the  heat  generated  is  excessive  so  the  furnace  may 
be  shut  off  for  long  intervals  causing  excessive  con¬ 
densation  of  distillate  when  it  is  started  again.  Also, 
the  fire  has  a  chance  to  work  up  in  the  hopper. 

Designed  to  assure  continuous  feed,  some  gravity 
units  feed  a  spiral-conveyor.  The  throat  then  could 
be  rectangular,  twenty  to  thirty  inches  long,  but  lim¬ 
ited  in  width  to  that  of  the  conveyor.  With  a  prac¬ 
tical  spiral-conveyor  of  three  to  four  inches  in 
diameter  the  width  is  so  narrow  that  the  fuel  arches 
over  very  quickly  so  this  system  is  hot  entirely  suc¬ 
cessful.  A  model  could  be  built  with  a  spiral-con¬ 
veyor  feed  of  twelve  or  fourteen  inches  in  diameter 
operating  out  of  a  conventional  hopper,  but  the 
expense  involved  might  be  too  high  to  justify 
its  use. 

In  193 1-1 932  Professor  Bror  L.  Grondal  of  the 
College  of  Forestry,  University  of  Washington, 
developed  a  hopper  unit  to  do  away  with  hang-ups, 
provide  a  uniform  combustion  and  accommodate  a 
wide  range  of  fuel  sizes.  This  hopper  had  a  very 
spacious  throat  under  which  a  belt  with  wooden 
cleats  operated,  conveying  the  fines  directly  into  a 
turning  spiral-conveyor.  The  latter  in  turn,  fed  the 
grates  of  the  combustion  chamber.  A  forced  draft 
control  was  connected  in  a  manner  that  would  con¬ 
trol  the  belt  conveyor  and  the  spiral-conveyor  feed. 
The  unit  worked  out  fine.  There  was  no  place  for 
hang-ups  to  <xcur.  The  expense  of  this  hopper  feed 


system,  however,  added  $100.00  to  installation 
charges,  and  was  priced  out  of  the  market. 

Some  feed  troubles  are  induced  by  the  ownci 
through  his  failure  to  keep  the  hopper  clean  or  to 
screen  the  fuel;  or  through  shoveling  packed  fines 
into  the  hopper  and  tamping  the  fuel  down  into 
the  throat  which  packs  the  fines  and  increases  the 
probability  of  arching. 

Quality  of  Fuel  Available  for  Gravity 
Feed  Stoves 

Sawdust  from  circular  saws  provided  the  first  fuel 
for  gravity  feed  stoves.  These  fines  were  rough 
kernels  ranging  in  size  from  about  one-quarter  of 
an  inch  square  for  the  bigger  particles,  down  to  ex¬ 
tremely  small  material.  The  species  used  was  almost 
entirely  old-growth  Douglas  fir  averaging  about  40 
percent  moisture  content.  Gravity  feeding  of  this 
small  cube-like  wood  interspersed  with  very  fine 
particles,  was  excellent. 

When  greater  demand  caused  temporary  short¬ 
ages  of  sawdust,  screened  chips  were  introduced. 
TTie  chips  were  flat  and  rectangular  and  would  not 
feed  through  the  throats  of  the  small  hoppers  used 
on  kitchen  ranges  and  hot  water  heaters.  The 
throats  of  the  small  units  ranged  from  four  inches 
to  six  inches  in  width.  This  material  would  feed 
well  in  furnace  hoppers  with  throat  widths  of  ten 
inches  or  wider.  Some  consumers  considered  the 
steady,  slow-burning  chip  mixture  more  suitable 
than  straight  sawdust  for  the  larger  units. 

The  increased  sawing  of  species  like  hemlock 
with  its  extremely  high  moisture  content,  cedar  with 
its  light  weight  and  fast  burning  characteristics,  and 
second-growth  Douglas  fir  with  its  high  moisture 
content,  lowered  the  average  quality  of  sawdust. 
Some  dealers  mixed  shavings  in  and  found  them  too 
light  to  pack  and  feed.  The  consumer  never  was 
sure  of  what  he  was  getting  and  he  often  received 
a  poor  burning  mixture.  The  half-and-half  mixtures 
were  sometimes  mostly  chips  which  caused  hang-ups 
in  the  hopper.  Screened  chips  up  to  75  percent  fed 
all  right  in  a  ten-inch  throat  with  a  round  hopper. 

When  the  sawmills  began  changing  over  to  band 
saws  producing  a  long  narrow  chip  instead  of  a 
cubical  one,  gravity  feeding  became  a  little  more 
difficult  because  the  elongated  chips  tended  to  hang 
up  more  than  did  the  cubical  chips  from  circular 
saws. 

Moisture  content  of  wood  fines  is  very  important 
in  determining  their  ability  to  feed.  Fines  with 
moisture  contents  up  to  approximately  47  percent 
will  feed  in  a  small  hopper.  Fines  with  higher  mois¬ 
ture  contents  will  hang  up.  Fuel  companies,  attempt¬ 
ing  to  use  uncovered  storage,  have  delivered  ex¬ 
tremely  wet  fuel  which  caused  feeding  troubles  and 
poor  burning,  and  yielded  less  heat  per  unit. 

When  pulp  mills  began  to  buy  sawmill  residuals 
in  quantity  for  pulp  chips  or  steam  generation  many 
sawmill  owners  lost  interest  in  the  domestic  fuel 
market.  The  sales  of  fines  for  industrial  fuel  made 
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big  inroads  on  the  supplies  available  at  sawmills. 
However,  there  are  still  large  quantities  of  mill 
residuals  at  small  outlying  sawmills  that  may  be  had 
for  little  or  nothing. 

The  increased  utilization  of  poor-quality  logs 
laden  with  rot  and  insects,  has  provided  doty,  wet 
sawdust  containing  a  multitude  of  insects.  The  in¬ 
sects,  which  have  been  introduced  to  the  homes  of 
the  consumers,  include  fleas,  spiders,  flying  ants  and 
termites. 

With  so  many  changes  in  the  types  of  fines  devel¬ 
oped  incidental  to  the  production  of  lumber  and 
with  most  of  the  changes  resulting  in  poorer  feed¬ 
ing  fuels,  the  need  of  high-quality  fines  for  gravity 
feed  stoves  prompted  the  development  of  cutting  or 
sawing  machines  that  could  make  a  suitable  fuel. 
The  ideal  particle  was  more  or  less  cubical  and  came 
from  a  circular  head  saw. 

Fig.  1  is  a  photograph  of  sawdust  created  by  a 
circular  saw  cutting  a  Douglas  fir  slab. 


Fig.  1. — Wood  fines,  produced  by  a  "sawdust  machine”, 
are  suitable  for  feeding  in  all  gravity  feed  hoppers. 


Chips,  made  by  a  disc  chipper  or  a  hog,  can  be 
cut  to  the  same  mass  as  the  chips  created  by  the  cir¬ 
cular  saw  but  they  w'ill  not  be  cubical.  They  are  flat 
and  rectangular  as  shown  in  Fig.  2.  There  will  be 
insufficient  fine,  dustlike  particles  and  the  chips  will 
not  feed  by  themselves  in  a  hopper  whose  throat  is 
under  ten  inches  in  width  even  though  the  chips  are 
as  small  as  the  chips  in  rough-cut  sawdust.  Ex¬ 
tremely  fine  material  must  be  present  to  feed  in  the 
small  throats. 

Commercial  wood  hogs,  portable  chippers,  bone 
shredders,  sawdust  granulators,  disc  chippers  and 
other  units  that  cut  with  a  knife  action  either  make 
a  flat  chip  or  a  shaving,  even  with  serrated  knife 
edges.  The  material  from  all  of  these  machines  will 
not  feed  through  a  four-or-six-inch  throat  without 
the  small  fines.  Also,  to  make  a  small  chip  or  shav¬ 
ing  with  some  of  these  machines,  the  capacity  is 
reduced  to  where  they  may  not  be  economical  to 
run.  The  "sawdust  granulator”  a  disc  type  chipper 


Fig.  2. — Chips  from  a  portable  chipper  were  mixed  with 
25  percent  sawdust  to  feed  through  a  ten-inch  throat.  They 
would  not  feed  satisfactorily  through  four-  and  six-inch 
throats. 

costing  about  $5,000.00  with  a  capacity  of  four 
units  per  hour  of  extremely  small  chips,  turns  out 
a  fuel  that  will  feed  very  well  in  hoppers  with 
throats  over  ten  inches  wide  but  to  feed  in  the 
smaller  hoppers  fine  sawdust  should  be  added. 

Where  a  supply  of  sawdust  is  not  available  to 
combine  w'ith  chips  and  improve  flow  characteristics 
a  "sawdust  machine”  may  be  used.  It  will  turn  out 
sawdust  of  excellent  quality  that  will  feed  in  any 
hopper.  The  "sawdust  machine”  is  a  battery  of  16 
to  24  circular  saws  mounted  on  a  common  shaft 
with  the  saw  collars  slightly  askew  from  a  normal 
to  the  axis  of  the  common  shaft.  The  slight  turning 
of  the  collars  forces  the  saws  to  cut  a  wide  swath 
for  a  kerf  nearly  completely  consuming  the  slabs 
and  edgings  fed  through  the  machine.  The  saws  are 
called  wobble  or  drunken  saws.  They  are  powered 
by  a  100-horse  power  electric  motor  and  are  fed  by 


Fig.  3. — Chipped  logging  debris  must  be  carefully 
screened  and  mixed  with  about  40  percent  sawdust  to  feed 
in  the  largest  gravity  feed  stoves. 
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powered  feed  rolls,  with  an  output  of  18  to  20 
units  per  eight-hour  day.  The  speed  of  the  saws 
and  the  feed  rolls  determine  the  coarseness  of  the 
sawdust.  This  machine  can  be  built  in  a  machine 
shop  for  about  $1,500. 

If  the  fuel  available  is  of  good  heating  value,  has 
a  reasonable  moisture  content  (up  to  50  percent) 
and  can  be  converted  to  sawdust  form  it  will  feed 
and  burn  satisfactorily. 

Chips  from  logging  residuals  generally  have  a 
high  moisture  content,  due  to  a  high  sapwood  per¬ 
centage  and  unless  predried  will  yield  little  heat. 
If  branches  are  included,  the  small  twigs  tend  to 
pull  through  without  being  cut  (see  Fig.  3)  thus 
causing  hang-ups. 

Conclusions 

The  use  of  chipped  wood  in  gravity  feed  stoves 
is  satisfactory  when  the  chips  are  cubical  ranging 


from  one-quarter  inch  down  in  size  and  made  up  of 
a  good  percentage  of  the  very  fine  material  which 
has  desirable  flow  characteristics.  Stoves  with  grates 
over  ten  inches  wide,  such  as  would  be  used  for  a 
furnace  unit  in  a  six-room  house,  will  feed  much 
larger  chips  but  at  least  25  percent  of  the  fuel 
volume  must  be  in  small  fines  that  can  impart  good 
flow  characteristics  to  the  large  chips. 

There  is  available  machinery  and  screens  to  pro¬ 
duce  the  desired  fines  for  feeding  in  gravity  feed 
systems.  They  are  not  expensive  and  they  have  large 
capacities. 

To  promote  the  use  of  the  gravity  feed  stoves  in 
the  home  is  the  most  diflScult  problem.  The  con¬ 
tinual  hopper  cleaning  and  polishing,  the  space 
needed  for  storage,  the  insects,  the  smoke  and  blow- 
backs  and  the  nuisance  of  filling  the  hopper  when 
added  up  tend  to  overbalance  the  saving  on  the  fuel 
bill  for  the  American  home  owner. 


Discussion 

Mr.  John  Henry  (Canada  Forest  Service): 

The  use  of  sawdust  for  domestic  heating  is  not  prac¬ 
ticable  unless  a  12-months  supply  can  be  guaranteed. 
A  promising  possibility  is  the  use  of  suitably  chipped 
wood  for  logging  camps.  Such  installation  should 
preferably  be  in  a  furnace  for  central  heating  of  a 
group  of  buildings,  or  even  one  H-type  building. 
The  filling  of  a  sawdust  burner  on  a  stove  within 
a  bunk  house  might  cause  an  objectionable  dust. 
Therefore  some  form  of  central  heating  is  suggested 
with  the  furnace  outside  the  bunkhouse.  We  are 
planning  further  work  along  those  lines. 

Mr.  Edgar  L.  Heermance  (Northeastern  Wood 
Utilization  Council) :  The  Council  is  working  with 
the  Canadian  Pulp  and  Paper  Research  Institute  on 
the  possible  use  of  portable  chippers  to  supply  fuel 
for  logging  ramps.  None  of  us  like  to  see  pulp 
companies  shifting  to  oil  for  fuel.  Since  a  great  deal 
of  interest  in  chipped  wood  has  followed  our  con¬ 
ference  at  Marlboro,  Vermont,  last  September,  and 
so  much  development  is  going  forward,  Mr.  Koro- 
leff  has  urged  another  meeting  of  workers  in  this 
field.  We  have  arranged  to  hold  such  a  meeting  in 
New  Hampshire  early  in  July. 

Mr.  Richard  A.  Hale  (R.  H.  Hale  Logging  & 
Lumber  Company) :  What  does  it  cost  to  deliver 
wood  in  chipped  form? 

Mr.  Alexander:  Our  tests  indicate  that  the  cost 
of  chips  from  slabs  and  polewood  from  a  25-mile 
area,  allowing  18  cents  a  cord-mile  for  transporta¬ 
tion,  averages  $3.10  per  stacked  cord  equivalent. 
The  initial  cost  of  slab  and  polewood  before  chip¬ 
ping  should  be  added. 

Mr.  Hale:  What  is  the  maximum  moisture  con¬ 
tent  suitable  for  operation  of  a  sawdust  burner? 
Can  green  chips  be  burned  satisfactorily? 

Mr.  Allen:  Yes,  although  of  course  the  fuel  value 
is  reduced.  A  moisture  content  above  50  percent  is 
not  desirable. 


Mr.  Alexander:  Chipped  wood  is  uperior  to 
sawdust,  because  you  do  not  have  dust.  Sawdust, 
when  obtainable,  although  cheap,  is  a  by-product 
of  and  tied  to  sawmill  cutting  schedules,  whereas 
raw  materials  for  chipped  fuel  may  be  obtained 
from  slash,  uneconomical  weed  woods  and  other 
such  sources  as  well  as  from  mill  waste.  One  point 
I’d  like  to  emphasize  is  the  importance  of  grading 
your  chips,  according  to  the  use  to  which  they  will 
be  put.  Our  company  has  been  working  on  that. 
Chips  that  will  make  satisfactory  mulch  are  not  fine 
enough  for  cattle  or  poultry  bedding.  Coarse  uneven 
chips,  that  would  feed  in  the  spreader  stokers  that 
Mr.  Miller  is  about  to  describe,  will  not  answer  for 
gravity  feed  stoves  and  furnaces.  For  that  use,  the 
chips  must  be  small  and  uniform,  and  such  fuel 
requires  a  portable  chipper  of  the  disk  type. 

Mr.  Allen:  Quarter-inch  chips  feed  well  in  the 
hoppers  of  standard  sawdust  burners.  They  should, 
however,  be  cube-shaped  rather  than  flat,  or  there 
is  a  tendency  for  the  feed  to  clog.  In  a  disk  chipper, 
it  is  possible  to  do  this  by  a  proper  adjustment  of 
the  knife  setting. 

Mr.  Alexander:  Methods  used  for  governing  the 
physical  shape  and  size  of  fragment,  in  order  to 
obtain  the  desired  grades  of  chipped  wood  from 
power-fed  inclined  disk  chippers,  are  as  follows: 

(a)  Fiber  Length  (length  along  the  grain  vs. 
length  of  chip.) — ^Wearing  plates,  set  in  the  disk 
face  ahead  of  the  knives,  are  moved  in  and  out  in 
relation  to  the  disk  face,  widening  or  narrowing 
the  interval  between  disk  face  and  knife  edge,  by 
means  of  jacks.  The  feed  rate  differential  is  altered 
to  synchronize  with  the  interval  chosen,  thus  obtain¬ 
ing  accurate  lengths  of  fragment,  (b)  Thickness — 
The  angle  of  the  knife  edge  in  the  disk  knives 
determines  chip  thickness.  Standard  ^  inch  thick¬ 
ness  is  obtained  at  37  degrees.  Increase  of  angle 
makes  thinner  chips,  decrease  of  angle  thicker  chips, 
(c)  Width — Although  not  necessary  in  average 
applications  this  can  be  controlled  by  two  methods: 
Serrated  disk  knives  or  card  breakers. 


spreader  Stoker  Firing  of  Wood  and  Coal  in 
Multiple  Fuel  Furnaces 
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The  advantages  of  spreader  stoker  firing  of  wood  in  combination  with  ocher  fuels  is  discussed.  Hie  design  of  the 
stokers,  furnaces,  and  auxiliary  equipment  Tor  multiple  fuel  firing  is  explained.  The  effect  of  moisture  content  of  the 
wood  on  steam  capacity  and  efficiency  is  shown. 


Introduction 

The  selection  of  steam  generating  units,  designed 
for  burning  several  fuels,  is  becoming  a  common 
practice  because  such  units  have  an  advantage  in 
the  changing  picture  of  fuel  price  and  fuel  supply. 
The  transitory  nature  of  availability  and  price  of 
fuels  should  be  a  basic  consideration  in  the  engineer¬ 
ing  of  new  steam  generating  units.  In  many  parts 
of  the  country  wood  refuse  should  be  considered 
in  fuel  studies  because  where  wood  is  available,  it 
is  frequently  the  most  economical  fuel.  The  inter¬ 
changeable  unit,  capable  of  burning  wood  as  well  as 
oil,  coal,  or  gas,  is  highly  desirable. 

During  the  past  fifteen  years  there  has  been  a 
swing  to  the  spreader  stoker  furnace  for  multiple 
fuel  firing.  This  trend  has  been  brought  about  by 
improved  efficiency,  reduced  maintenance,  and  the 
adaptability  of  the  spreader  stoker  furnace  to  the 
burning  of  various  fuels.  The  spreader  stoker,  con¬ 
sisting  of  a  grate  and  distributing  device,  can  be 
adapted  to  fire  nearly  all  of  the  solid  fuels.  The 
spreader  is  the  most  popular  type  of  firing  for  solid 
fuels  in  the  size  range  of  10,000  to  200,000  pounds 
of  steam  per  hour.  Many  spreader  stoker  units  burn¬ 
ing  coal  and  wood  are  also  equipped  with  burners 
for  oil  or  gas. 

The  spreader  stoker  is  one  in  which  the  fuel  is 
scattered,  or  spread,  over  the  burning  fuel  bed.  In 
this  process  the  heavy  particles  fall  to  the  grate  and 
burn  while  the  small  particles  quickly  ignite  and 
burn  in  suspension.  It  may  be  misleading  to  refer 
to  the  fuel  bed  because  the  layer  of  fuel  is  very  thin, 
usually  being  no  thicker  than  the  largest  particle 
of  -fuel.  The  very  thin  fuel  bed  and  suspension 
burning  produce  a  fire  that  responds  rapidly  to  feed 
rate  changes.  With  proper  control  of  fuel  and  air, 
the  rate  of  combustion  can  be  made  to  follow  steam 
load  changes  very  closely. 

A  large  portion  of  the  air  for  combustion,  75 
percent  to  95  percent,  passes  through  the  grates  and 
the  remainder  is  used  in  furnace  turbulence,  rein¬ 
jection  of  flyash,  and  distribution  of  the  fuel.  The 
air  passing  through  the  grates  cools  the  grates  and 


the  ash  which  accumulates  on  the  grates  and  be¬ 
neath  the  burning  fuel.  Since  the  ash  is  deposited 
beneath  the  burning  fuel  and  is  continuously  cooled, 
the  ash  remains  granular  and  remarkably  clinker 
free. 

Multiple  chain  drags  or  multiple  worms  in  the 
bottom  of  the  storage  hopper  are  the  most  favored 
feeders.  Either  of  these  types  can  be  driven  by 
variable  speed  drives  for  the  control  of  wood  feed 
rate.  The  problems  involved  in  preparing  for  dual 
firing  and  the  success  of  the  system  has  recently  been 
described  by  Turner  (i). 

A  simplified  form  of  the  spreader  has  been  de¬ 
veloped  for  use  in  conjunction  with  oil  and  gas 
(Fig.  1).  The  wood  is  fed  into  the  furnace  wall 


Fi/?.  1. — Combination  gas-and-wood-fired  boiler, 
50,000  lbs.  steam  per  hour. 


and  is  distributed  over  the  grate  by  high  velocity  air 
jets  located  at  the  base  of  the  chutes. 

This  system  of  firing  works  equally  well  with 
coal  and  hogged  wood.  The  basic  equipment  neces¬ 
sary  for  coal  firing  can  readily  be  adapted  to  handle 
wood.  Another  type,  the  spreader  stoker  with  the 
over-running  distributor  is  ideally  suited  for  inter¬ 
changeable  units  in  which  coal  and  wood  are  to  be 
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burned  alternately.  The  fuel  is  fed  at  a  regulated 
rate  from  the  base  of  the  hopper  and  into  the  path 
of  the  rotating  distributor  blades  which  spread  the 
fuel  over  the  grates.  The  feeding  and  regulating 
device  for  coal  is  built  integrally  with  the  dis¬ 
tributor. 

It  is  the  feeding  and  regulating  devices  which 
must  be  changed  for  wood  firing.  The  volume  of 
wood  that  must  be  handled,  ten  times  that  of  equiva¬ 
lent  coal,  and  the  tendency  for  wood  to  mat  in  hop¬ 
pers,  make  the  use  of  the  coal  feeding  device 
impractical.  A  feed  regulating  device  designed  for 
the  requirements  of  wood  must  be  provided. 

Grates 

The  grates  for  a  spreader  stoker  can  be  of  three 
types:  stationary,  dumping,  or  traveling.  The  sta¬ 
tionary  grate  is  the  simplest,  and  is  one  from  which 
the  ashes  must  be  hoed  manually.  The  dumping 
grate  is  arranged  so  that  by  tilting  the  grate  surface 
the  accumulated  ash  is  dumped  into  a  pit  beneath 
the  grate,  with  the  pit  serving  as  a  plenum  chamber 
and  ash  pit  (Fig.  1).  Stationary  and  dump  grates 
are  arranged  in  multiple  sections  so  that  the  boiler 
load  can  be  maintained  while  the  sections  are  cleaned 
one  by  one.  Grates  with  two  sections  may  lose  10 
percent  to  25  percent  of  the  load  during  cleaning 
but  grates  with  three  or  more  sections  need  not  lose 
load  during  cleaning. 

The  traveling  grate  is  an  assembly  of  many  small 
grates  attached  to  chains  which  pull  the  assembly 
slowly  through  the  furnace,  continuously  discharg¬ 
ing  the  ashes  into  the  ashpit.  The  cost  of  installing 
a  traveling  grate  as  compared  to  a  dumping  grate 
discourages  the  use  of  traveling  grates  in  small 
units.  Dumping  grates  may  be  used  for  coal-and- 
wood  units  with  capacities  up  to  50,000  pounds  of 
steam  per  hour,  and  if  no  coal  is  to  be  burned, 
dumping  grates  can  be  used  for  capacities  up  to 
100,00  pounds  of  steam  per  hour.  Beyond  these 
limits  traveling  grates  should  be  considered  because 
of  reduced  operating  labor  and  improved  efficiency. 
Traverse  zoning  of  traveling  grates  permits  extreme 
load  ranges.  Units  of  the  type  shown  in  Fig.  2  have 
performed  at  continuous  loads  of  from  8,000  to 
220,000  pounds  of  steam  per  hour  when  operating 
on  wood  with  49  percent  moisture.  Fifteen  to  one 
load  variations  on  coal  are  also  obtained. 

The  three  types  of  grates  have  certain  features  in 
common.  Since  the  ash  and  fuel  beds  are  thin  and 
porous,  the  grate  must  offer  resistance  to  air  flow 
to  assure  air  flow  to  the  entire  active  grate  area. 
Usually  spreader  stoker  grates  have  from  3  percent 
to  5  percent  of  the  grate  area  open  for  air  passage 
as  compared  to  20  percent  to  30  percent  openings 
in  the  inclined  and  flat  grates  used  in  Dutch  oven 
type  furnaces. 

Furnace  Design 

The  furnace  design  for  spreader  stoker  fired  units 
should  be  liberal.  Heat  releases  of  35,000  Btu.  per 
hour  per  cubic  foot  of  furnace  volume  will  give 


Fig.  2. — Water-cooled  furnace,  250,000  lbs.  steam  per 
hour — wood  and  coal — traveling-grate  spreader  stoker. 


acceptable  results,  but  units  designed  with  furnace 
volume  below  25,000  Btu.  per  cubic  foot  per  hour 
will  give  improved  efficiency  and  will  reduce  flyash. 
It  must  be  remembered  that  in  a  spreader  stoker 
furnace,  many  particles  are  held  in  suspension  by  the 
furnace  gases,  and  unless  the  furnace  volume  is 
such  that  ample  time  is  provided  for  burning,  a  high 
percentage  of  the  burning  particles  will  get  into 
boiler  heating  surfaces  before  they  are  completely 
burned.  A  well  designed  spreader-stoker  wood- 
burning  furnace  is  ideally  suited  for  burning  coal, 
oil,  or  gas.  Comparative  ratings  obtainable  from 
three  fuels  on  a  typical  unit  are  shown  in  Table  1. 

Water  cooling  of  the  furnace  walls  is  essential 
for  optimum  efficiency  and  minimum  maintenance. 
This  surface,  absorbing  heat  by  radiation,  is  the  most 
effective  of  the  heating  surfaces  in  a  steam  generat¬ 
ing  unit.  The  proper  design  of  the  furnace  walls 
will  almost  completely  eliminate  furnace  refractory 
maintenance.  Only  with  water  cooled  furnaces  can 
coal  be  burned  efficiently  and  trouble-free,  because 
the  high  burning  rates  and  low  excess  air  common 
in  modern  units  would  cause  severe  slagging  of  the 
walls  of  refractory  furnaces.  Furnace  cleaning  and 
refractory  maintenance  in  furnaces  of  the  type 
shown  in  Fig.  2  are  rarely  experienced.  No  less  de¬ 
manding  of  water  cooling  is  the  hogged  wood  which 
contains  salts  and  marine  growths  from  logs  that 
have  floated  in  salt  water  because  these  forms  of 
extraneous  ash  rapidly  attack  bare  refractory  walls. 

Furnace  Turbulence 

Optimum  performance  of  spreader  stokers  can  be 
obtained  only  by  the  application  of  jets  to  create 
furnace  turbulence,  which  is  otherwise  lacking  in 
the  archless  furnace  of  Fig.  1.  Properly  designed 
and  operated  wood-burning,  spreader-stoker  units 
are  noticeably  free  of  smoke.  As  shown  by  a  num- 
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Table  1. — Comparative  Data  From  Multiple  Fuel  Spreader-Stoker  Unit 


Rated  capacity  steam  generated  Lbs.  per  hour _ 

Furnace  neat  release  Btu.  per  cu.  ft.  per  hour _ 

Induced  draft  fan  requirements — Lbs.  flue  gas  per  hour _ 

Forced  draft  fan  requirements — Lbs.  air  per  hour _ 

Efficiency _ 

Fuel  cost  delivered _ 

Fuel  cost  per  1,000  Lbs.  steam _ 

ber  of  investigations,  the  turbulence  system  is 
equally  important  when  burning  coal. 

Turbulence  can  be  obtained  from  steam  jets  or 
air  nozzles.  When  using  steam  for  turbulence,  one 
to  two  percent  of  the  total  steam  production  will  be 
required.  Where  make-up  water  for  boiler  feed  is 
a  problem,  steam  for  turbulence  may  not  be  prac¬ 
tical.  High  velocity  air  nozzles  are  generally  accepted 
as  the  most  desirable  form  of  turbulence  for  wood 
firing.  The  fan  capacity  should  be  selected  to  de¬ 
liver  approximately  15  percent  of  the  air  required 
for  wood  firing,  with  static  pressures  of  from  10  to 
30  in.  water  gauge. 

Flyash 

Grate  size,  furnace  design,  and  flyash  collection 
can  be  arranged  to  maintain  low  flyash  emission 
from  the  stack.  When  selecting  grate  sizes,  consid¬ 
eration  must  be  given  to  flyash  problems.  It  can 
readily  be  seen  that  the  amount  or  particles  carried 
will  increase  rapidly  as  the  gas  velocity  of  the  fur¬ 
nace  increases.  From  the  standpoint  of  grate  per¬ 
formance,  the  stoker  will  operate  equally  effectively 
at  grate  heat  release  of  half  a  million  Btu.  per  hour 
per  square  foot  of  grate  area  or  at  three-fourths 
million  Btu.  per  hour  per  square  foot  of  grate  area, 
but  this  increase  of  50  percent  in  burning  rate  will 
more  than  double  the  amount  of  flyash.  An  HRT 
boiler  with  spreader  stoker,  when  operating  with  a 
top  burning  rate  of  350,000  Btu.  per  hour  per 
square  foot  of  grate,  will  satisfactorily  operate  with¬ 
out  dust  collection.  Most  units,  such  as  shown  in 
Fig.  1,  operating  in  excess  of  400,000  Btu.  per 
square  foot  per  hour  should  be  equipped  with  cinder 
recovery  equipment,  in  order  to  reduce  the  quantity 
of  solids  discharged  from  the  stack  and  to  improve 
efficiency  by  recovery  of  the  solids.  Dust  loading  of 
wood  burning  spreader  stokers  compares  favorably 
with  Dutch  oven  furnaces,  but  is  higher  than  the 
dust  loading  of  coal-burning  spreader  stokers.  The 
wood  flyash  has  larger  particles  than  does  flyash 
from  coal. 

Moisture  in  Wood 

The  moisture  content  of  the  wood  to  be  burned 
is  an  important  consideration  in  the  engineering  of 
wood-burning  units.  The  moisture  content  of  wood 
affects  the  overall  efficiency  of  the  steam  generating 
unit,  and  it  also  affects  the  burning  characteristics 
of  the  wood,  each  of  which  bears  a  definite  relation 
to  the  steam  producing  capacity  of  any  specific  steam 
generating  unit.  High  wood  moisture  contents  affect 


Wood  Coal 

Wood  Coal 

49  percent  Moisture  12,500  Btu. 

.  175,000  240,000  240,000 

.  21,500  23,400  23,000 

331,000  327,300  305,000 

...  270,000  300,100  280,000 

.  66.6  82  84 

.  $2.00/200  cu.  ft.  $10. 50/ton  $2.45/bbl. 

.  $0.19  $0.58  $0.45 

burning  characteristics  to  such  a  degree  that  wood- 
burning  units  may  become  very  demanding  of  the 
operator’s  time. 

The  term  "moisture  content”  may  be  expressed 
in  two  ways.  Wood  technologists  report  the  mois¬ 
ture  content  as  a  percent  of  the  dry  wood  weight. 
For  example,  when  one  pound  of  bone-dry  wood  is 
combined  with  a  half  pound  of  water,  the  moisture 
content  is  expressed  as  50  percent.  Engineers  com¬ 
monly  express  the  moisture  content  as  a  percent  of 
the  total  weight,  as  for  example,  when  a  half  pound 
of  wood  is  combined  with  a  half  pound  of  water, 
the  moisture  content  is  recorded  as  50  percent.  It 
is  the  latter  method  that  is  most  commonly  accepted 
when  speaking  of  fuels,  and  it  is  the  method  which 
will  be  referred  to  in  this  paper. 

An  increasing  moisture  content  retards  combus¬ 
tion  and  lowers  the  flame  temperature  but  this  does 
not  seriously  affect  operation  until  the  moisture  ex¬ 
ceeds  45  percent.  Somewhere  between  65  and  70 
percent  moisture  these  two  factors  combine  to  cre¬ 
ate  a  condition  in  which  the  fuel  will  no  longer  pro¬ 
duce  a  stable  fire.  Some  authorities  have  given  lim¬ 
iting  moisture  content  as  low  as  63  percent  while* 
others  refer  to  figures  as  high  as  75  percent.  These 
differences  can  be  explained  by  variations  in  furnace 
design  and  by  practical  operating  limits  which  are 
subject  to  considerable  personal  opinion.  It  must  be 
understood  that  theoretical  flame  temperatures  are 
never  attained  in  a  commercial  application,  princi¬ 
pally  because  of  the  nature  of  the  heat  absorbing 
surfaces  to  which  the  flame  loses  heat  by  radiation. 
As  the  moisture  content  increases,  the  flame  length¬ 
ens  and  an  even  greater  portion  of  the  heat  is  re¬ 
leased  in  the  secondary  furnace.  In  an  open  furnace 
all  of  the  heat  is  released  in  the  presence  of  heat 
absorbing  surfaces.  Fig.  9  illustrates  the  drop  in 
theoretical  flame  and  furnace  temperatures  occa¬ 
sioned  by  the  moisture  in  the  fuel. 

Although  the  difference  between  65  percent  and 
75  percent  may  seem  small,  it  may  be  the  margin  by 
which  the  wood  becomes  an  economical  fuel  or  a 
troublesome  waste  product.  Numerous  presses  are 
available  to  reduce  the  moisture  content  to  an  accept¬ 
able  limit,  and  it  is  reported  that  the  total  cost  of 
reducing  the  moisture  content  compares  favorably 
with  the  increased  value  of  the  bark  or  wood  as  fuel. 
Reduction  of  the  moisture  content  from  70  to  60 
percent  will  increase  the  steam  produced  from  a 
pound  of  dry  wood  by  25  percent  and  may  increase 
the  boiler  rating  by  50  percent. 
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Fig.  5.— Carbon  loss. 


Fig.  7. — Efficiency. 
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Fig.  8. — Products  of  combustion. 


Fig.  9. — Theoretical  flame  temperature. 


The  moisture  content  at  which  ignition  can  be 
successfully  and  satisfactorily  maintained  can  be  in¬ 
creased  by  the  use  of  auxiliary  firing.  Where  the 
moisture  content  is  normally  satisfactory  but  occa¬ 
sionally  exceeds  the  safe  limit,  the  addition  of  oil 
or  gas  in  the  furnace  is  a  very  satisfactory  means  of 
maintaining  ignition.  On  many  units  built  for  dual 


firing,  provision  for  this  method  of  holding  ignition 
during  periods  of  extremely  high  moisture  is  consid¬ 
ered  desirable.  Refractory  furnaces  or  refractory 
shielding  of  water  wall  tubes  will  improve  opera¬ 
tion  with  very  wet  wood  but,  like  the  use  of  auxili¬ 
ary  firing,  is  of  dubious  advantage  in  increasing 
efficiency  and  rating. 
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Efficiency  Calculations 

Two  factors  characteristic  of  wood  which  set  it 
apart  from  coal,  oil,  or  gas  are  the  quantity  of  the 
products  of  combustion  and  the  high  moisture  con¬ 
tent  usually  experienced.  The  higher  quantities  of 
flue  gases  require  that  ample  provision  be  made  for 
air  supply  and  draft.  The  comparative  performance 
of  wood,  coal,  and  oil  for  a  typical  unit  is  shown  in 
Table  1.  Compared  to  coal,  wood  with  a  50  per¬ 
cent  moisture  content  has  50  percent  more  flue  gas 
to  dispose  of.  The  moisture  content  of  "dry«wood” 
would  be  considered  prohibitively  high,  if  encoun¬ 
tered  in  most  of  our  coals.  These  two  factors  com¬ 
bine  to  give  low  efficiency  as  compared  to  efficiencies 
obtained  from  other  fuels. 

Combustion  calculations,  necessary  to  establish 
efficiency  and  fan  requirements  for  wood  firing,  fol¬ 
low  the  standard  procedure  for  other  fuels.  Precise 
calculations  can  be  made  by  using  the  ultimate  anal¬ 
ysis  of  the  particular  wood  to  be  used,  but  a  sim¬ 
plified  system  based  on  the  accompanying  curves 
(Figs.  3  to  7)  can  be  used.  The  calculations  can  be 
used  for  any  type  of  wood  firing  because  the  data 
are  fundamental  and  are  not  limited  to  spreader 
stoker  units.  The  flue  gas  temperature  data  are  not 
shown  as  these  must  be  established  for  each  indi¬ 
vidual  unit  and  are  a  function  of  the  arrangement 
and  amount  of  heating  surface  and  of  the  boiler 
rating. 

The  anticipated  efficiency  of  a  steam  generating 
unit  is  derived  by  subtracting  the  total  of  the  various 
heat  losses  from  100  percent  as  outlined  in  the  fol¬ 
lowing  example.  Assumed  conditions  of  the  exam¬ 
ple  are:  unit  shown  in  Fig.  2,  500  degrees  F.  exit 
gas  temperature,  6  percent  hydrogen,  49  percent 
moisture  content  in  wood,  and  30  percent  excess  air 
in  the  products  of  combustion.  It  will  also  be  as¬ 
sumed  that  the  unit  will  be  equipped  with  a  dust 
collector  for  collecting  the  flyash  and  that  the  flyash 
will  be  returned  to  the  furnace  and  burned. 

Heat  Loss  Due  To: 

Percent 

Moisture  in  fuel _ Curve  Fig.  3 _  13.70 

Hydrogen  in  fuel _ Curve  Fig.  3 _  7.60 

Moisture  in  air _ Usually  not  more  than _  .25 

Dry  chimney  gas _ Curve  Fig.  4 . 9.70 

CO - (Assume  complete  combustion) .  .  .00 

Unburned  carbon _ Curve  Fig.  5 _  .25 

Radiation  loss _ Curve  Fig.  6 _  1.00 

Leeway  and  unaccounted  for _  1.50 

Total  losses _ 34.00 

Efficiency  (100 — total  losses) _ 66.00 

The  individual  curves  have  been  combined  into  an 
efficiency  curve  that  is  very  convenient  in  making 
preliminary  calculations  for  evaluating  fuels.  This 
curve.  Fig.  7,  based  on  a  conservative  30  percent 
excess  air,  will  be  correct  within  the  allowed  leeway 
for  the  units  illustrated. 

Induced  Draft  Fan 

The  induced  draft  fan  requirements  for  inter¬ 
changeable  fuels  must  be  calculated  for  wood  burn¬ 
ing.  A  fan  so  selected  will  have  35  percent  to  55 


percent  excess  capacity  for  coal,  oil,  or  gas.  This 
extra  capacity  is  usually  reflected  in  an  increased 
boiler  rating  for  thosa  fuels  as  is  shown  in  Table  1. 
The  wettest  wood  with  which  full  load  must  be  gen¬ 
erated  should  be  used  for  calculating  fan  size.  The 
effect  of  increased  moisture  content  upon  the  weight 
of  flue  gas  and  draft  loss  is  shown  in  the  following 
table  of  calculations.  The  first  seven  items  are  based 
on  available  fuel  and  the  design  of  the  boiler,  and 
the  remaining  items  are  to  be  calculated. 

Normal  Maximum 

moisture  moisture 


1.  Moisture  in  wood  in  percent  as  fired _  32  57 

2.  Btu.  per  lb.  dry  wood . . 8,700  8,700 

3.  Pounds  of  steam  per  hour  (200  psig — 

220“  FW) . 30,000  30,000 

4.  Btu.  in  steam  above  feed  water  (1000  Btu.)  30,336  30,336 

5.  Flue  gas  temperature  at  I.D.  Fan.  °F -  565  585 

6.  Total  draft  at  I.D.  Fan  ins.  Water _  .80  1.7 

7.  Excess  air  percent _  30  30 

8.  Efficiency  Fig.  7 _  69.5  57 

9.  Pounds  dry  wood  per  hour _  5,000  6,100 

10.  Pounds  air  per  lb.  dry  wood.  Fig.  8 _  7.7  7.7 

11.  Pounds  gas  per  lb.  dry  wood.  Fig.  8 _  9.2  10.2 

12.  Pounds  of  air  per  hour,  Item  9Xltem  10  38,500  47,000 

13.  Pounds  flue  gas  per  hour.  Item  9Xltemll  46,000  62,100 


Forced  Draft  Fan 

These  fans  should  be  selected  to  match  the  in¬ 
duced  draft  fan  and  checked  against  the  maximum 
capacity  desired  from  coal,  oil,  or  gas  since  these 
fuels,  because  of  increased  rating,  will  normally  re¬ 
quire  more  forced  draft  capacity  than  wood.  Stand¬ 
ard  leeways  should  be  applied  to  both  the  volume 
and  static  pressure.  The  air  requirements  for  wood 
can  be  taken  from  Fig.  8.  Comparative  air  require¬ 
ments  for  wood,  oil,  £^nd  coal  are  shown  in  Table  1. 

The  range  of  fuels  that  can  be  burned  by  the 
spreader  stoker  is  not  limited  to  hogged  wood  and 
coal.  The  wide  selections  of  fuels  from  these  two 
sources  establishes  the  versatility  of  the  spreader 
stoker.  Not  only  can  the  spreader  stoker  burn  coal 
and  wood  but  it  can  combine  these  two  fuels  in  fur¬ 
naces  also  equipped  for  oil  and  gas  burning.  Proper 
selection  of  the  stoker,  furnace,  and  auxiliary  equip¬ 
ment  provides  a  steam  generating  unit  adaptable  to 
the  fuel  market  for  many  years. 

Literature  References 

1.  E.  T.  Turner.  Wood  refuse  burning.  Modern 

Power  and  Engineering,  June  1950. 

2.  J.  F.  Barkley  and  R.  E.  Morgan.  Burning  wood 

waste  for  commercial  heat  and  power.  Bureau 
of  Mines  Information  Circular  7580. 

3.  R.  B.  Boals.  ABCs  of  wood  fuel.  Power,  March 

1945.  Experience  with  large  wood  waste  piles. 
Power,  May  1945. 

4.  Edward  G.  Locke.  Wood  as  an  industrial  fuel. 

Presented  at  the  Northwest  Industrial  Fuels 
Symposium,  April  22,  1949,  Portland,  Ore. 

5.  M.  H.  Snodgrass.  Modern  bark  burning.  Paper 

Trade  Journal,  December  1947. 

6.  Otto  deLorenzi.  Some  recent  developments  in 

burning  wet  wood.  Mechanical  Engineering, 
September  1949. 


STOKER  FIRING  IN  MULTIPLE  FUEL  FURNACES 


201 


Discussion 

Ralph  H.  Bescher  (Kopp^rs  Co.,  Inc.) :  I  note 
that  the  Eugene,  Oregon,  installation  is  built  for 
handling  wood  or  coal  and  I  wonder  if  less  com¬ 
plicated  types  of  spreader  stokers  are  available  for 
firing  chipped  wood  only? 

Mr.  Miller:  A  simple  system  for  handling 
chipped  wood  only  is  available  in  the  form  of  the 
pneumatic  distributor.  This  is  the  type  shown  in 
the  Dixie  Pine  Products  installation. 

Mr.  Bescher:  Could  such  a  stoker  be  used  to  fire 
a  dryer? 

Mr.  Miller:  The  spreader  stoker  could  be  used  to 
fire  a  dryer.  The  control  set-up  would  be  similar  to 
that  used  in  a  coal  dryer  where  combustion  is  con¬ 
trolled  for  optimum  combustion  and  the  products 
of  combustion  are  then  mixed  with  air  to  control 
the  quantity  of  air  and  temperature  of  air  for  the 
drying  pfocess. 

r.  S.  Veazey,  Jr.  (Anaconda  Copper  Mining 
Co.):  Does  the  pneumatic  feed  system  do  away 
with  the  Dutch  oven? 

Air.  Miller:  The  pneumatic  spreader  stoker  or 
the  mechanical  spreader  stoker  are  normally  used  in 
open  furnaces  of  the  types  illustrated.  However,  the 
spreader  stoker  can  be  installed  in  existing  Dutch 
ovens.  The  advantage  of  installing  them  in  exist¬ 
ing  Dutch  ovens  is  the  saving  in  revamping  the 
setting  to  eliminate  the  Dutch  oven.  Most  Dutch 
oven  boilers  are  set  so  low  that  adequate  furnace 
volume  would  not  be  available  without  using  the 
Dutch  oven.  Obviously  in  a  new  installation,  the 
boiler  can  be  set  to  provide  adequate  furnace 
volume  without  the  use  of  the  Dutch  oven. 

Bryon  Lininger  (E.  I.  DuPont  de  Nemours  & 
Co.) :  Is  the  stoker  grate  the  same  for  wood  and 
coal  ? 

Air.  Miller:  Yes.  The  grate  surface  of  the 
spreader  stoker  is  independent  of  the  type  of  fuel 
used.  Regardless  of  fuel,  the  grate  surface  must 
have  a  relatively  small  percentage  of  air  space. 

Air.  Lininger:  Is  furnace  turbulence  necessary  for 
wood  firing? 

Air.  Miller:  Yes.  The  furnace  turbulence  is  as 
necessary  for  wood  firing  as  it  is  for  coal  firing. 

James  A.  Gotdd  (Pratt,  Read  &  Co.):  At  our 
plant  we  have  an  intermittent  supply  of  wood  waste 
and  we  have  to  keep  a  bed  of  coal  to  insure  steam 
pres.sure.  With  10  tons  of  coal  a  day,  the  cost  of 
coal  is  about  $130  where  an  equivalent  of  sawdust 
and  other  wood  waste  costs  us  only  $65.  Could  you 
combine  these  fuels,  feeding  both  coal  and  sawdust  ? 

Air.  Miller:  Combined  firing  of  coal  and  sawdust 
can  be  done  and  is  done  on  many  installations. 
Usually  the  two  fuels  are  kept  separate  until  they 
are  fed  into  the  furnace.  This  can  be  handled  in 
either  of  two  ways.  The  wood  can  be  stored  and 
fed  into  the  furnace  at  controlled  rates  to  meet  the 
steam  demand,  and  when  the  supply  of  wood  be¬ 
comes  exhausted  the  unit  can  be  switched  quickly 


to  coal.  The  second  system  is  to  feed  the  wood  to 
the  furnace  as  it  becomes  available  and  add  coal  to 
meet  the  steam  requirements. 

R.  A.  Blaser  (Southwest  Lumber  Mills) :  What 
are  the  size  limitations  on  wood  chips  where  the  air 
distribution  system  is  used? 

Air.  Miller:  Any  chipped  wood  or  any  hogged 
wood  would  normally  meet  the  requirements.  Most 
knife  hogs  will  produce  some  particles  that  will  be 
6  to  9  inches  long  and  perhaps  1  inch  square.  So, 
as  long  as  these  pieces  do  not  represent  more  than 
10  to  15  percent  of  the  total  wood,  the  sizing  is 
considered  satisfactory. 

Arthur  B.  Ifjland  (J.  C.  Iffland  Lumber  Co.): 
We  are  getting  about  3  pounds  of  steam  out  of  a 
pound  of  wood.  Would  a  spreader  stoker  increase 
this? 

Air.  Miller:  Considering  the  type  of  wood  refuse 
you  have  it  should  be  possible  to  get  more  than  3 
pounds  of  steam  out  of  a  pound  of  wood.  A 
spreader  stoker  alone  will  not  be  a  complete  answer 
for  it  probably  would  require  improved  air-fuel 
ratio  control. 

Halsey  M.  Hicks  (Brattleboro,  Vermont):  Does 
uniformity  in  the  wood  fuel  make  any  difference? 

Air.  Miller:  Yes,  the  uniformity  in  the  wood  fuel 
is  important.  As  pointed  out  to  Mr.  Blaser,  there  is 
quite  a  range  in  sizes  permitted  but  as  in  other 
fuels,  the  best  operation  is  obtained  when  essen¬ 
tially  the  same  size  is  obtained  at  all  times.  By  this 
we  mean  that  for  best  operation  not  all  of  the  large 
particles  should  be  burned  for  a  15-minute  period 
and  then  followed  by  the  sawdust.  The  chips  from 
a  portable  chipper  would  make  an  ideal  fuel  but 
very  seldom  is  such  wood  available. 

C.  R.  Silversides  (Abinbi  Power  &  Paper  Co., 
Ltd.) :  We  are  installing  central  heating  for  a  camp 
of  100  men.  The  burner  will  use  500  to  1,000 
pounds  per  hour.  We  expect  to  use  wood  from  a 
portable  chipper. 

Mr.  Miller:  Although  this  unit  is  somewhat 
smaller  than  we  normally  deal  in,  I  can  see  no 
reason  why  a  completely  satisfactory  system  could 
not  be  used.  With  the  chips  from  a  portable  chipper 
the  fuel  feed  handling  system  could  be  much  sim¬ 
plified.  This  type  of  wood  refuse  is  much  more 
uniform  than  that  normally  expected  in  hogged 
fuel  and  therefore  a  more  uniform  flow  would  be 
obtained. 

E.  IF.  Foss  (Cornell  University)  :  At  Cornell,  we 
have  been  working  on  the  dehydration  of  food. 
Chipped  wood  as  a  fuel  might  be  of  importance 
for  this  process. 

Mr.  Miller:  For  drying  of  lumber  I  would  assume 
that  products  of  combustion  would  be  mixed 
directly  with  the  air  for  drying;  however,  for  the 
dehydration  of  food  we  would  expect  that  a  direct 
fired  air  heater  would  be  the  most  advantageous. 
This  system  would  insure  clean  air  and  would  pick 
up  none  of  the  products  of  combustion  which  might 
contaminate  the  food. 
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Walter  W.  Letts,  Northville,  New  York 


Fuel  From  Wood  Residues 
ow  many  of  our  American  people  have  ever 
stopped  to  consider  the  real  meaning  and  im¬ 
portance  of  that  commodity  which  we  call  fuel? 
Fuel  turns  the  wheels  of  our  industries  to  produce 
the  many  items  essential  to  our  American  living. 
Our  deposits  of  coal  and  oil  are  being  depleted  to 
meet  the  ever  increasing  demand  for  fuel  and  large 
appropriations  are  expended  on  research  each  year 
to  find  ways  and  means  to  relieve  this  critical  con¬ 
dition. 

A  partial  answer  to  the  problem  lies  in  the  use 
of  wood,  the  oldest  fuel  known  to  man.  Use  of  sur¬ 
plus  or  presently  discarded  wood  alone  would  sup¬ 
ply  fuel  requirements  provided  it  could  be  concen¬ 
trated  and  distributed  economically. 

Recently  a  machine  has  been  perfected  that  will 
produce  from  unused  forest  materials  (using  no  ad¬ 
ditive  whatever)  a  very  high-grade  fuel,  three  and 
one-half  times  the  original  density  of  wood,  and 
having  a  bulk  weight  approximately  90  percent  that 
of  chestnut  coal.  The  product  is  so  firmly  knit 
together  that  in  handling  it  sheds  less  dust  than 
most  of  our  solid  fuels. 

Sawdust  Briquets 

Since  1930  a  form  of  compressed  wood  fuel  in 
small  log  form  has  been  manufactured  and  sold. 
Further  development  of  stoker  fuel  along  the  same 
line  has  taken  place.  Both  require  rather  elaborate 
equipment  and  a  volume  of  sawdust  not  generally 
available. 

A  patented  method  of  producing  briquets  from 
sawdust  and  other  wood  wastes  has  been  developed 
by  Walter  Letts  of  Northville,  New  York.  This  fuel 
is  now  being  manufactured  and  sold  under  the  reg¬ 
istered  name  of  Letts  Burnets.  The  Burnets  consist 
of  small  cylinders,  1^  inches  in  diameter,  broken 
into  short  lengths.  Laboratory  tests  of  Burnets  indi¬ 
cate  an  average  heat  value  of  9,000  Btu.  per  pound, 
as  compared  with  12,000  for  anthracite  and  14,500 
for  the  highest  grade  of  steam  coal.  These  briquets 
have  more  than  three  times  the  heat  value  of  wood 
by  volume  and  burn  with  twice  the  heat  obtained 
from  an  equal  volume  of  charcoal.  Burnets  burn 
with  a  hot,  blue  flame  when  fully  ignited,  and  under 
controlled  draft  will  make  a  hot,  low-burning,  long- 
lasting  fuel,  leaving  practically  no  ash  or  residue. 
Burnets  are  free  of  dust,  clean  to  handle  and  are 
easily  ignited. 


Equipment  Requirements  and  Availability 

Special  equipment  for  making  these  Burnets  is 
made  by  The  Sandy  Hill  Iron  and  Brass  Works, 
Hudson  Falls,  New  York.  Two  sizes  are  available, 
a  single  head  machine  having  8  forming  tubes  and  a 
double  head  machine  having  16  forming  tubes.  The 
approximate  cost  of  the  8-tube  model  is  $20,000 
while  the  cost  of  the  double-head  machine  would 
run  approximately  $32,000.  In  addition  to  the 
forming  equipment,  each  installation  would  require 
supplementary  equipment,  such  as  driers  designed 
for  the  particular  installation.  Complete  equipment 
would  include  two  whirlwind  variable  speed  driers, 
one  specially  designed  disintegrator,  one  air  fan, 
steam  coils,  and  a  low  or  high  pressure  steam  sup¬ 
ply,  Power  is  optional:  if  a  Diesel  engine  is  used 
the  heat  from  the  radiator  and  exhaust  will  con¬ 
tribute  a  large  volume  of  heat  required  for  the 
whirl-dryers. 

Drier 

To  produce  Burnets,  waste  material  must  be  dry, 
with  moisture  contents  of  6  to  10  percent.  The 
whirlwind  drier  was  developed  to  insure  fast  and 
safe  drying.  This  drier  disposes  of  all  gas  laden 
humidified  air  and  has  no  hidden  pockets. 

Process 

Wood  in  the  form  of  forest  waste,  mill  slabs, 
edgings,  or  trimmings  must  be  put  through  a  chip¬ 
per  or  wood  hog,  cutting  the  wood  fine  enough  to 
be  handled  by  the  disintegrator.  Material  that  has  a 
moisture  content  of  more  than  25  percent  must  be 
passed  through  a  drier  before  entering  the  disinte¬ 
grator,  where  it  is  ground  to  fineness  that  will  pass 
through  a  quarter  or  five-sixteenth  screen.  It  is  then 
put  through  a  variable-speed  whirlwind  drier,  which 
will  assure  a  steady  flow  of  dry  material  into  the 
hopper  of  the  Burnet  machine. 

Production 

Production,  based  on  actual  operation  of  an  eight 
tube  machine,  shows  a  large  variation,  depending 
on  type  of  material  used.  Thin,  fluffy  white  pine 
shavings  average  650  to  750  pounds  of  Burnets  per 
hour;  white  pine  sawdust  800  to  900  pounds  per 
hour;  hardwood  shavings,  turnings  and  dust  850  to 
900  pounds  per  hour;  various  kinds  of  pulpwood 
bark  up  to  1220  pounds  per  hour.  The  increased 
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yield  from  bark  is  due  to  the  different  texture  of  the 
bark. 

One  operator  can  easily  supervise  a  four-unit 
operation,  as  his  principal  duty  is  to  see  that  each 
machine  receives  a  steady  continuous  flow  of 
material. 

Use  for  Wood  Residues 

The  briquetting  machine  described  provides  a 
means  of  utilizing  two  major  classes  of  wood  resi¬ 
dues  to  provide  additional  income  and  eliminate  the 
expense  of  disposal. 

The  combined  operation  of  a  saw  and  planing 
mill  develops  enough  wood  residues  in  manufactur¬ 
ing  each  thousand  board  feet  of  finished  lumber  to 
produce  approximately  one  ton  of  Burnets.  The  cost 
of  reducing  green  pine  shavings  or  sawdust  to  Bur- 
nets  is  estimated  at  $14  to  $16  per  ton,  bringing 
Burnets  into  competition  with  the  local  coal  supply. 
For  air  or  kiln  dried  material,  the  cost  would  he 


substantially  reduced.  Another  class  of  residue  suit¬ 
able  for  briquetting  is  pulpwood  bark,  if  removed 
by  the  dry  method  such  as  the  Sandy  Hill  Peppy 
Peeler,  which  is  in  use  by  several  of  the  large  paper 
mills.  Bark  in  small  pieces  and  at  a  low  moisture 
content,  can  be  economically  processed  into  Burnets. 
The  bark  from  one  cord  of  pulpwood  will  produce 
350  to  500  pounds  of  Burnets,  having  an  average 
heat  value  of  approximately  9,000  Btu’s  per  pound. 

Markets 

The  bag  fuel  market  has  reached  large  tonnage 
volume  and  is  on  the  increase.  Charcoal  is  becoming 
scarce  and  Burnets  are  proving  a  satisfactory  substi¬ 
tute  for  charcoal  briquets,  for  example  in  railroad 
dining  car  grills,  and  can  be  sold  at  very  much  lower 
cost.  Burnets  are  proving  their  worth  in  this  field 
and  find  a  ready  acceptance  for  they  are  clean  to 
handle,  need  no  kindling  to  start  them  burning,  and 
produce  an  abundance  of  clean  heat. 


Discussion 

T.  S.  Veazey,  Jr.  (Anaconda  Copper  Mining 
Co.) :  Is  the  method  you  mention  now  in  commer¬ 
cial  use? 

Mr.  Letts:  One  machine  is  in  operation.  A  second 
is  now  under  construction  and  will  be  in  use  within 
a  short  time.  Our  present  pilot  machine  has  pro¬ 
duced  carload,  truck  and  customer  deliveries  and 
we  have  several  large  installations  in  the  process  of 
closing  at  the  present  time.  The  manufacture  and 
sale  of  this  equipment  has  been  taken  over  by  one 
of  our  oldest  and  most  complete  manufacturing 
plants  of  paper  making  machinery  in  the  country. 

R.  R.  Alexander  (Carthage  Machine  Co.):  Could 
you  cut  down  on  the  diameter  of  the  cylinders? 

Mr.  Letts:  During  the  course  of  developing  the 
Burnet  machine,  we  experimented  with  several 
sizes,  but  found  the  1 1/g  inch  to  be  the  most  efficient 
and  to  give  maximum  capacity  production  of  the 
compression  unit. 

D.  B.  Frampton,  Jr.  (D.  B.  Frampton  &  Co.) : 
Will  the  briquets  pick  up  moisture,  and  what 
happens  if  they  get  wet? 

Afr,  Letts:  Burnets  must  be  stored  in  a  reasonably 
dry  place  and  when  put  up  in  paper  bags  they  have 
be^n  kept  for  over  two  years  without  noticeable 
change.  However,  if  they  are  allowed  to  come  in 
contact  with  extreme  moisture  or  water,  they  will 
disintegrate. 

Edgar  L.  Heermance  (Northeastern  Wood  Utili¬ 
zation  Council) :  Just  what  do  you  mean  by  clean 
burning,  and  can  briquets  compete  locally  with 
hard  coal? 


Mr.  Letts:  If  your  sawdust  supply  is  waste  that 
you  must  get  rid  of,  the  cost  of  briquets  with  an 
8-tube  unit  would  probably  be  less  than  the  local 
price  of  anthracite.  In  a  large  Burnets  unit,  requir¬ 
ing  very  little  labor,  the  cost  ought  to  be  about  as 
low  as  the  cost  of  mining  coal.  Burnets  would  be 
as  clean  to  burn  as  coal,  with  no  creosote  problem 
such  as  you  are  apt  to  have  with  stick  wood.  They 
could  be  fed  to  a  domestic  furnace  by  hand  or  with 
a  mechanical  stoker  just  like  coal.  The  same  furnace 
could  be  used  as  for  coal,  if  you  keep  the  drafts 
tight;  not  as  much  air  is  required.  However,  the 
demand  for  sawdust  briquets  for  other  uses  has 
been  so  great  that  we  have  not  paid  much  attention 
to  that  type  of  use.  They  are  primarily  a  substitute 
for  charcoal,  at  a  very  much  lower  price.  One  rail¬ 
road  is  buying  briquets  in  carload  lots  for  their 
dining  car  grills.  For  apartment  or  picnic  use,  a 
woman  can  pick  up  a  bag  at  the  store,  just  as  she 
formerly  picked  up  a  bag  of  charcoal. 

A.  Koroleff  (Pulp  &  Paper  Research  Institute  of 
Canada) :  What  about  freight  rates,  if  you  want  to 
ship  in  volume? 

Mr.  Letts:  If  put  up  in  bags,  the  rate  is  about  the 
same  as  for  coal.  At  the  present  we  are  going  into 
the  matter  of  freight  rates  on  Letts  Burnets.  At  the 
present  we  are  led  to  believe  that  this  material 
being  fuel  of  practically  the  same  bulk  weight  as 
coal,  will  take  the  same  rate  in  comparative  ship¬ 
ments. 

R.  D.  Pauley  (Weyerhaeuser  Timber  Co.)  :  Rates 
on  Pres-to-logs  are  about  the  same  as  those  for  coal 
and  were  originally  set  up  to  be  competitive  with 
coal.  This  applies  to  West  Coast.  1  don’t  know 
anything  about  the  Eastern  tariff. 
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Characteristics  of  Wood  as  Fuel 

R.  H.  P.  Miller,  Engineer,  Forest  Products  Laboratory,^  Forest  Service,  U.  S.  Department  of  Agriculture 

The  thermal  characteristics  and  major  advantages  of  wood  as  a  fuel  are  briefly  summarized. 


General  Information  on  Fuel  Wood 

ON  A  quantity  basis,  fuel  wood  continues  to  be 
one  of  the  important  products  taken  from  the 
forest.  In  1943,  for  example,  it  was  estimated  that 
a  total  of  about  64,000,000  cords  of  wood  was  used 
as  fuel  in  this  country.  Fuel  wood  generally  has  the 
lowest  value  of  any  product  obtained  from  the 
forest  and,  therefore,  should  not  be  used  for  fuel  if 
other  markets  can  be  found.  Some  inferior  species 
and  low  quality  trees,  however,  have  no  value  for 
other  uses,  and,  therefore,  should  be  cut  and  used 
as  fuel  in  order  to  improve  the  timber  stands. 

Some  Advantages  and  Disadvantages  of 
Fuel  Wood 

As  a  fuel,  wood  has  certain  distinct  advantages. 
It  is  clean,  burns  with  little  smoke  or  soot,  starts 
burning  easily,  gives  a  quick  heat,  and  has  a  very 
low  ash  content.  One  cord  of  the  hardwoods  pro¬ 
duces  less  than  100  pounds  of  fine  ash,  while  one 
ton  of  hard  coal  produces  about  200  pounds  of  ash 
and  clinkers.  A  farmer  can  produce  his  supply  of 
fuel  wood  with  practically  no  additional  investment 
in  equipment,  and  can  do  the  work  during  his  slack 
season.  By  cutting  fuel  wood  wisely,  the  farmer  can 
also  improve  his  wood  lot. 

One  disadvantage  of  wood  as  fuel  is  that  it  is 
bulky  and  heavy  in  relation  to  its  heat  content.  For 
this  reason,  it  is  largely  used  for  fuel  in  the  rural 
districts  and  small  towns  where  the  hauling  distance 
from  the  woods  or  mill  to  the  consumer  is  short. 
Maintenance  of  a  low  fire  presents  a  difficulty  when 
using  fuel  wood  in  that  the  creosote  in  burning 
wood  condenses  out  in  the  flues  and  chimney.  Fuel- 
wood  production  in  terms  of  heat  value  requires 
more  man-hours  than  other  fuels,  such  as  coal  or 
oil.  This,  of  course,  is  largely  due  to  the  fact  that 
wood  is  heavy  and  bulky  for  its  heat  content  and 
because  fuel  wood  does  not  have  so  high  a  concen¬ 
tration  of  material  at  the  source  as  the  other  fuels, 
and,  therefore,  does  not  lend  itself  to  highly  mech¬ 
anized  equipment.  However,  in  emergencies,  local 
people  can  cut  and  haul  their  own  fuel  wood.  This 
is  the  case  because  the  necessary  tools  and  equip- 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 


ment  are  generally  available,  highly  skilled  labor  is 
not  required,  and  the  whole  process  of  producing 
fuel  wood  lends  itself  to  small  operations. 

Composition  and  Heat  Value  of  Wood 

Wood  is  composed  of  50  to  54  percent  of  cellu¬ 
lose,  15  to  18  percent  hemicellulose,  26  to  28  per¬ 
cent  lignin,  and  minor  quantities  of  other  constitu¬ 
ents.  The  ultimate  analysis  of  wood  is  given  as 
about  50  percent  carbon,  6  percent  hydrogen,  43 
percent  oxygen,  and  about  1  percent  of  ash, 
nitrogen,  etc. 

One  pound  of  oven-dried  wood  substance  of  any 
species  has  a  calorific  value  of  about  8,600  Btu.  The 
presence  of  other  substances,  such  as  oils,  resins, 
and  extractives,  somewhat  changes  the  actual  cal¬ 
orific  value  of  different  species.  Resinous  woods, 
such  as  pine,  have  a  higher  calorific  value  than  non- 
resinous  woods,  such  as  ash. 

In  burning  wood,  it  is  essential  to  have  the  wood 
as  dry  as  possible  in  order  to  produce  more  heat  per 
pound  and  per  dollar  of  the  fuel,  to  obtain  a  higher 
efficiency,  and  to  lessen  the  creosote  problem.  Oven- 
dried  red  oak  wood  with  a  calorific  value  of  8,600 
Btu.  will  yield  about  7,100  Btu.  of  usable  heat  with 
50  percent  excess  air  and  a  flue  gas  temperature  of 
450°  F.,  while  well  air-dried  wood  yields  about 
5,700  Btu.  and  green  wood  about  3,400  Btu.  under 
the  same  conditions  per  pound  of  fuel.  If  wood  is 
sold  on  a  weight  basis,  green  wood  would  have 
about  60  percent  of  the  heat  value  of  well  air-dried 
wood  for  the  majority  of  native  woods.  The  differ¬ 
ence,  however,  would  be  greater  for  woods  such  as 
hemlock  and  aspen  that  have  a  very  high  moisture 
content  in  the  green  condition.  Although  stove 
wood  is  coming  to  be  sold  more  and  more  on  a 
weight  basis,  wood  is  generally  sold  on  a  cord  or 
volume  basis  (128  cubic  feet).  On  a  cord  basis, 
green  wood  yields  about  80  percent  of  the  available 
heat  as  compared  with  the  heat  produced  by  the 
burning  of  well  air-dried  wood. 

Since  air-dried  wood  has  a  higher  moisture  con¬ 
tent  and  a  higher  volatile  content  than  the  average 
good  coal,  the  combustion  of  wood  is  preceded  by 
evaporation  of  the  moisture  and  distillation  and 
burning  of  the  volatiles  before  the  fixed  carbon 
burns.  The  evaporation  of  the  moisture  absorbs 
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about  1,000  Btu.  per  pound  of  moisture.  At  tem¬ 
peratures  below  500°  F.,  distillation  of  the  volatile 
matter  also  absorbs  heat.  Beyond  540°  F.,  exother¬ 
mic  reaction  takes  place  and  the  distillation  of  the 
volatile  matter  continues  with  the  evolution  of  some 
heat  even  if  no  additional  air  is  supplied.  In  small 
pieces  of  wood,  such  as  sawdust,  the  different 
phases  of  burning  occur  in  rapid  succession.  With 
large  chunks  of  wood,  the  processes  are  overlapping, 
because  wood  is  a  very  poor  conductor  of  heat.  To 
get  complete  combustion  of  the  volatile  gases 
formed,  it  is  necessary  to  supply  about  80  percent 
of  the  total  air  required  close  to  the  surface  of  the 
fuel  bed  where  it  can  readily  mix  with  the  volatil¬ 
ized  gases.  Since  these  gases  do  not  ignite  below 
1,100°  F.,  it  is  best  to  burn  dry  wood  in  order  to 
obtain  a  higher  maximum  temperature. 

Unburned  volatiles  resulting  from  incomplete 
combustion  of  wood  can  cause  a  large  loss  in  effi¬ 
ciency.  These  gases  are  also  a  source  of  trouble  in 
stoves  and  furnaces,  because  of  the  creosote,  tarry 
substances,  and  acetic  acid  they  contain.  For  these 
reasons  the  factors  necessary  for  complete  combus¬ 
tion  are  summarized.  Sufficient  air  must  be  supplied 
around  or  over  the  fuel  bed.  This  air  must  be  mixed 
with  the  gases  given  off  by  the  wood  while  the  gases 
are  still  hotter  than  1,100°  F.  and  have  not  come  in 
contact  with  cooling  surfaces.  Theoretically,  it  takes 
6  pounds  of  air  to  burn  1  pound  of  oven-dried 
wood,  but  actually  more  air  is  required  because  the 
air  and  gases  are  not  thoroughly  mixed. 

Avoidance  of  Creosote 

Creosote  and  other  products  of  distillation  leak¬ 
ing  out  of  the  flue  joints  and  at  the  chimney  thimble 
make  the  burning  of  wood  very  objectionable  in 
domestic  heating.  In  severely  cold  weather,  there  is 


generally  less  creosote  trouble  because  with  a  hot 
fire  the  gases  are  kept  hotter  than  1,100°  F.  and,  if 
sufficient  air  is  supplied,  clean  burning  takes  place 
and  the  creosote  problem  will  be  avoided.  Also, 
with  a  hot  fire  the  flue  gas  temperatures  are  higher 
and  the  creosote  and  tarry  materials  that  are  present 
are  carried  out  of  the  chimney  in  the  form  of  a 
vapor  and  are  not  deposited  as  a  condensate.  In 
order  to  prevent  undue  creosote  trouble,  it  is  best 
to  burn  dry  wood  in  a  hot  small  fire  rather  than  in 
a  large  smoldering  fire.  Refueling  the  stove  at  more 
frequent  intervals  with  smaller  amounts  of  fuel  also 
helps.  Short  stove  pipes  and  inside  chimneys  also 
help  to  keep  the  creosote  from  condensing  out. 

Improvements  in  Wood  Burning 

In  the  last  few  years,  stoves  and  furnaces  of  the 
hopper  type  that  are  designed  specifically  for  wood 
have  been  put  on  the  market.  The  main  features  of 
these  units  are  that  provision  has  been  made  to 
introduce  sufficient  secondary  air  and  that  flame 
travel  is  such  that  the  gases  can  be  burned  before 
they  contact  heat-absorbing  surfaces. 

In  some  cases,  wood  as-  a  fuel  has  also  been  im¬ 
proved.  Mill  and  planer  wastes  used  in  the  manu¬ 
facture  of  certain  pressure-formed  briquets  are  dried 
to  about  6  percent  moisture  content  and  then  pres¬ 
surized  so  that  the  wood  plasticizes  itself  and  forms 
a  firm  briquet.  Wood  in  this  form  has  a  greater 
density  and  also  a  much  higher  bulk  density. 
Pressure-formed  briquets  are  also  made  in  1 -inch- 
diameter  sizes  and  broken  into  short  lengths.  This 
type  of  wood  fuel  works  satisfactorily  in  domestic 
coal  stokers.  Wood  in  the  form  of  chips  also  lends 
itself  to  automatic  feeding,  and  can  be  burned  very 
efficiently  in  large  installations. 
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Tests  and  Properties  of  Tropical  Woods’ 

Frederick  F.  Wangaard,  Yale  School  of  Forestry 


Mechanical  properties,  density,  shrinkage,  decay  resistance,  and  a  number  of  other  characteristics  of  48  tropical  woods 
have  been  Stained  and  compared  with  corresponding  attributes  of  domestic  woods.  A  hypothesis  of  low  fiber  saturation 
point  is  suggest^  as  a  possible  explanation  for  some  differences.  Species  profiles  related  to  use  requirements  are  shown. 


Introduction 

Recent  years  have  witnessed  a  growing  interest 
in  the  commercial  possibilities  of  many  tropical 
woods  for  structural  and  industrial  uses.  Such  in¬ 
terest  is  based  on  the  recognition  of  tropical  forests 
as  comprising  the  largest  and  most  diversified  stands 
of  timber  in  the  world.  There  are  less  than  1000 
tree  species  native  to  the  United  States  and  only 
about  90  of  these  attain  such  size  and  quality  as  to 
be  considered  commercially  important.  In  contrast 
to  the  relatively  limited  number  of  domestic  woods, 
it  is  conservatively  estimated  that  the  forests  of 
Central  and  South  America  alone  include  over 
10,000  tree  species. 

Most  studies  of  tropical  woods  have  been  directed 
primarily  toward  providing  a  sound  technical  basis 
for  the  proper  utilization  of  particular  species,  a 
number  of  which  have  shown  superior  qualities  for 
a  variety  of  special  purposes.  In  addition  to  such 
research  in  the  field  of  application,  the  great  diver¬ 
sity  of  tropical  woods  affords  an  excellent  oppor¬ 
tunity  to  increase  our  basic  knowledge  concerning 
the  relationships  of  structure,  density,  and  moisture 
content  to  the  properties  of  wood. 

It  is  the  purpose  of  this  paper  (1)  to  indicate 
how  tests  of  tropical  woods  are  contributing  to 
fundamental  knowledge  of  wood  behavior  and 
(2)  to  outline  methods  used  in  the  evaluation  of 
tropical  woods  with  respect  to  their  potential  utiliza¬ 
tion.  Both  phases  have  implications  of  interest  to 
the  wood  technologist  or  timber  engineer  apart  from 
their  specific  concern  with  tropical  woods. 

The  data  on  which  this  paper  is  based  were  col¬ 
lected  in  the  course  of  a  continuing  study  which  has 
been  conducted  at  the  Yale  School  of  Forestry  since 
1947  under  the  sponsorship  of  the  Navy  Depart¬ 
ment  through  the  Office  of  Naval  Research  and 
Bureau  of  Ships.  The  scope  of  the  over-all  study 
includes  determination  of  mechanical  properties, 
density,  shrinkage,  decay  resistance,  rate  of  moisture 
absorption,  resistance  to  weathering,  and  the  char¬ 
acteristics  of  the  wood  in  relation  to  seasoning, 


'A  report  on  current  research  at  Yale  which  is  spon¬ 
sored  by  the  Office  of  Naval  Research,  U.  S.  Navy  De¬ 
partment,  under  Contract  N6-ori-44,  Task  Order  XV 
(Project  Designation  No.  NR-033-020). 


paint  holding,  machining,  gluing,  and  steam  bend¬ 
ing.  Through  arrangement  with  the  William  F. 
Clapp  Laboratories  at  Duxbury,  Mass,  certain  of 
these  woods  are  subjected  to  exposure  in  infested 
waters  to  determine  their  resistance  to  marine-borer 
attack.  Other  tests  are  conducted  at  the  New  York 
Naval  Shipyard  to  determine  resistance  to  fire  and 
abrasion,  and  at  the  Institute  of  Paper  Chemistry, 
Appleton,  Wis.,  to  determine  chemical  composition 
of  selected  woods. 

Two  comprehensive  reports  have  been  issued  cov¬ 
ering  mechanical  properties  of  unseasoned  timber 
together  with  such  physical  properties  as  specific 
gravity,  shrinkage,  decay  resistance,  and  air-season¬ 
ing  characteristics  of  48  tropical  American  timbers 
(3,4).  Progress  on  other  phases  of  the  work  has 
been  described  in  an  additional  series  of  technical 
reports  (/,  2,  7),  and  studies  are  continuing  on 
these  phases  as  well  as  on  the  determination  of 
mechanical  properties  of  seasoned  wood. 

Contributions  to  Fundamental  Knowledge 
of  Wood 

Tropical  woods  present  not  only  a  greater  number 
of  species  for  investigation  than  do  our  domestic 
woods  but  they  also  display  a  greater  diversity. 
Where,  for  example,  among  the  species  of  the  tem¬ 
perate  zones  can  be  found  woods  so  unlike  in  their 
characteristics  as  balsa  and  lignum  vitae?  The  rela¬ 
tively  limited  group  of  48  species  for  which  sig¬ 
nificant  data  have  been  gathered  in  the  present  study 
does  not,  of  course,  represent  the  entire  range  of 
specific  gravity  shown  by  tropical  woods,  but  it  does 
afford  a  sampling  of  density  classes  for  which  only 
few  data  are  available  from  domestic  sources. 

Fig.  1  shows,  by  means  of  two  frequency  dia¬ 
grams,  the  proportionate  distribution  among  specific 
gravity  classes  of  48  tropical  woods  studied  at  Yale 
and  168  domestic  woods  tested  at  the  Forest  Prod¬ 
ucts  Laboratory  (3).  The  bulk  of  domestic  woods 
are  found  in  the  0.30  to  0.60  specific  gravity  classes 
and  only  a  small  proportion  of  them  occur  in  spe¬ 
cific  gravity  classes  of  0.70  or  greater.  Of  the  trop¬ 
ical  woods  studied  thus  far  a  sizeable  representation 
is  shown  for  specific  gravity  classes  from  0.40  to 
0.80  and  further  studies  will  undoubtedly  extend 
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Fig.  1. — Frequenqr  diagram  showing  specific  gravity 
distribution  for  168  domestic  and  48  tropical  woods. 
(Data  on  domestic  woods  from  the  Forest  Products  Lab¬ 
oratory.) 

this  range.  Limiting  attention  to  presently  available 
data,  however,  it  is  evident  that  a  considerable  addi¬ 
tion  has  already  been  made  to  the  species  represen¬ 
tation  toward  the  upper  end  of  the  specific  gravity 
range,  specifically  from  0.60  to  0.90.  A  substantial 
basis  for  comparison  of  tropical  and  domestic  woods 
in  the  specific  gravity  range  of  0.40  to  0.60  is  also 
provided. 

Strength-Specific  Gravity  Relationships 

The  relationships  between  various  strength  prop¬ 
erties  and  specific  gravity  have  been  determined  by 
the  Forest  Products  Laboratory  on  the  basis  of  tests 
of  the  domestic  woods  represented  in  Fig.  1.  Com¬ 
parison  of  results  obtained  from  domestic  and  trop¬ 
ical  species  in  two  of  these  properties  is  given  in 
the  following  paragraphs. 

According  to  the  Forest  Products  Laboratory  the 
relationship  between  modulus  of  rupture  of  unsea¬ 
soned  wood  and  specific  gravity  is  given  by  the 
equation  R  =  17600  in  which  G  =  specific 
gravity  on  an  oven-dry  weight  and  green  volume 


Fig.  2. — Relatiunship  between  modulus  of  rupture 
(green)  and  specific  gravity.  Plotted  points:  Tropical 
woods.  Curve:  F.  P.  L.  curve  based  on  domestic  woods. 


basis  (.5 ) .  The  curve  shown  in  Fig.  2  represents  this 
relationship.  Data  for  individual  tropical  woods  are 
shown  as  plotted  points  in  Fig.  2.  It  is  evident  that 
a  curve  drawn  through  the  averages  of  the  plotted 
points  would  lie  considerably  above  the  Forest  Prod¬ 
ucts  Laboratory  curve,  as  much  as  25  percent  toward 
the  upper  limits  of  specific  gravity,  and  that  the 
curves  would  converge  toward  the  lower  specific 
gravities. 

The  higher  position  occupied  by  tropical  woods 
is  confirmed  by  the  data  in  Fig.  3  which  show  a 
similar  trend  in  the  relationship  between  modulus 
of  elasticity  of  unseasoned  wood  and  specific  gravity. 
The  curve  in  Fig.  3  is  the  graphic  representation  of 


Fig.  3. — Relationship  between  modulus  of  elasticity 
(green)  and  specific  gravity.  Plotted  points:  Tropical 
woods.  Curve:  F.  P.  L.  curve  based  on  domestic  woods. 


the  equation  E  =  2,360,000  G  which  was  derived 
by  the  Forest  Products  Laboratory  from  tests  of 
domestic  woods  (5).  Averages  of  the  plotted  points 
representing  individual  species  of  tropical  woods 
exceed  the  Forest  Products  Laboratory  curve  by 
about  30  percent  at  the  upper  limits  of  specific 
gravity  and  show  a  converging  trend  approaching 
that  curv'e  at  lower  specific  gravities. 

In  both  modulus  of  rupture  and  modulus  of  elas¬ 
ticity  these  tropical  wooas  generally  exceed  values 
anticipated  for  unseasoned  wood  on  the  basis  of 
tests  of  domestic  species.  The  apparent  superiority 
of  the  tropical  woods  is  particularly  notable  at  the 
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higher  specific  gravities  for  which  the  adequacy  of 
lepresentation  afforded  by  domestic  woods  might  be 
open  to  some  question. 

Shrinkage-Specific  Gravity  Relationship 

A  linear  relationship  between  volumetric  shrink¬ 
age  and  specific  gravity  has  also  been  derived  by  the 
Forest  Products  Laboratory  from  tests  of  domestic 
woods  (6).  The  curve  of  the  equation  denoting  this 
relationship  (volumetric  shrinkage  =  28.0  G)  is 
shown  in  Fig.  4  together  with  plotted  points  based 


Fig.  4. — Relationship  between  volumetric  shrinkage  and 
specific  gravity.  Plotted  points:  Tropical  woods.  Curve: 
F.  P.  L.  curve  based  on  domestic  woods. 


on  measurements  of  shrinkage  from  the  green  to 
oven-dry  condition  of  individual  species  of  tropical 
origin. 

As  in  the  case  of  the  strength  properties  previ¬ 
ously  discussed,  the  plotted  data  for  tropical  woods 
deviate  markedly  from  the  regression  line  based  on 
tests  of  domestic  woods.  At  the  higher  specific  grav¬ 
ities,  average  shrinkage  values  for  the  tropical  woods 
are  only  approximately  3/5  as  great  as  those  indi¬ 
cated  by  the  curve.  The  trend  line  shown  by  the 
data  for  tropical  woods  is  considerably  less  steep 
than  the  Forest  Products  Laboratory  curve  and  con¬ 
verges  with  the  latter  curve  at  lower  specific  grav¬ 
ities. 

Appraisal  of  the  Differences 

Apart  from  the  practical  interest  that  is  naturally 
attached  to  tropical  woods  from  the  standpoint  of 
their  greater  strength  and  stiffness  (in  the  green 
condition),  associated  with  reduced  shrinkage  in 
comparison  with  the  properties  shown  by  typical 
domestic  woods  of  like  density,  the  foregoing  data 
suggest  some  questions  of  fundamental  interest. 

It  is  recognized  that  presently  available  data  on 
domestic  woods  are  not  heavily  represented  in  the 
specific  gravity  classes  above  0.60.  Is  it  not  possible, 
therefore,  that  these  long  accepted  relationships  with 
specific  gravity  can  be  improved  for  wood  in  gen¬ 
eral,  particularly  in  the  higher  specific  gravity  range, 
by  the  inclusion  of  data  derived  from  tropical 
woods? 


Or  is  it  likely  that  a  fundamental  difference  exists 
between  temperate  and  tropical  woods  as  a  conse¬ 
quence  of  their  contrasting  conditions  of  growth? 
At  the  present  stage  of  investigation  when  the  early 
accumulation  of  considerably  more  data  on  tropical 
woods  is  anticipated,  it  would  be  premature  to 
attempt  to  answer  these  questions  conclusively. 

One  hypothesis  that  appears  to  explain  the  results 
of  both  strength  and  shrinkage  tests  is  that  the  trop¬ 
ical  woods  for  which  data  are  presented  here  may 
be  characterized  by  a  lower  fiber  saturation  point 
than  the  majority  of  domestic  woods.  A  saturated 
cell  wall  containing  less  moisture  per  unit  of  wood 
substance  would  explain  both  the  higher  strength 
and  stiffness  exhibited  by  these  woods  as  well  as 
their  lesser  shrinkage  from  the  green  to  oven-dty’ 
condition.  Other  factors  may  account  for  the  ex¬ 
tremely  low  shrinkage  values  shown  by  certain  trop¬ 
ical  woods  but  it  is  difficult  to  see  how  such  factors 
could  simultaneously  affect  strength  and  stiffness  so 
favorably. 

Ratios  of  air-dry  and  green  strength  properties 
are  so  far  limited  to  a  relatively  small  number  of 
tropical  woods.  Available  data,  however,  tend  to 
substantiate  the  hypothesis  concerning  a  lower  fiber 
saturation  point  for  the  woods  tested.  Table  1  shows 


Table  1. — Comparative  Effect  of  Air  Drying  Upon 
Strength  Properties  of  Tropical  and 
Domestic  Hardwoods 


Ratio  of  air-dry  strength  to 
green  strength 
Tropical  Domestic 

Property  hardwoods  hardwoods' 


Modulus  of  rupture. _ _  1.42  1.59 

Modulus  of  elasticity _  1.19  1.31 

Maximum  crushing  strength _  1.49  1.95 

Side  hardness _ 1.18  1.33 

Tension  perpendicular  to  grain _  0.97  1.20 


'  Data  on  domestic  hardwoods  from  U.  S.  Dept.  Agr.  Tech.  Bui.  479. 


ratios  of  air-dry  to  green  strength  properties  for  a 
group  of  20  tropical  hardwoods  studied  at  Yale  and 
corresponding  ratios  for  a  large  number  of  domestic 
hardwoods  from  data  of  the  Forest  Products  Labo¬ 
ratory  (5).  In  every  property  the  ratio  shown  by 
domestic  woods  is  greater  than  that  of  the  tropical 
species.  In  accordance  with  the  hypothesis  offered  in 
the  preceding  paragraph,  the  greater  improvement 
of  domestic  woods  in  drying  to  12  percent  moisture 
content  may  be  explained  by  the  larger  proportion 
of  cell  wall  moisture  lost  by  these  woods.  Analysis 
of  these  preliminary  data  on  ratios  of  dry  to  green 
strengths  for  tropical  woods  fails  to  show  any  con¬ 
sistent  relationship  with  specific  gravity  which  sug¬ 
gests  that  tropical  woods  of  all  density  classes  share 
the  characteristic  of  low  fiber  saturation  point.  Fur¬ 
ther  studies  involving  direct  determination  of  fiber 
saturation  point  will  be  necessary  to  confirm  this 
hypothesis. 

Incidentally,  it  is  of  interest  to  point  out,  as 
shown  in  Table  1,  an  actual  reduction  in  average 
tensile  strength  perpendicular  to  the  grain  of  a 
number  of  tropical  woods  as  a  consequence  of  air 
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drying.  While  it  is,  of  course,  possible  that  inad- 
vertant  minute  checking  (although  painstakingly 
avoided  in  the  treatment  and  selection  of  test  mate¬ 
rial)  may  have  contributed  to  this  result,  other 
factors  including  increased  stiffness  across  the  grain 
and  consequent  stress  concentrations  probably  are  • 
involved. 

Evaluation  of  Tropical  Woods  for  Specific  Uses 

The  principal  objective  of  the  study  on  which 
this  paper  is  based  is  to  develop  a  general  use  clas¬ 
sification  for  tropical  woods.  Such  a  classification 
involves  an  evaluation  of  each  species  studied  with 
respect  to  the  uses  for  which  the  wood  appears  to 
be  adapted  on  the  basis  of  its  properties.  It  is  diffi¬ 
cult,  if  not  impossible,  to  specify  precisely  what 
types  of  test  are  essential  to  the  development  of  a 
complete  use  classification.  Selection  of  tests  is  obvi¬ 
ously  related  to  the  objectives  of  the  study.  How¬ 
ever,  the  tests  that  were  previously  enumerated  in 
describing  the  scope  of  the  over-all  tropical  wood 
research  program  at  Yale  appear  to  be  reasonably 
well  adapted  to  a  limited  general  classification  at 
least. 

On  the  basis  of  these  tests,  supplemented  by  the 
results  of  decades  of  trial  and  error  "research”  by 
non-technical  users  of  these  woods  in  the  tropics,  a 
classification  consisting  of  the  following  items  has 
been  developed:  Agricultural  implements  and 
vehicles,  boatbuilding  (decking,  planlcing,  framing, 
keels  and  under-water  structural  members),  con¬ 
struction  timbers,  cross  ties,  exterior  use,  flooring, 
tropical  frame  construction,  furniture  and  cabinet 
work,  instruments,  marine  piling  and  construction, 
millwork,  patterns,  sporting  and  athletic  goods,  tool 
handles,  veneer  and  plywood  (utility  and  decora¬ 
tive)  . 

For  each  of  these  uses  a  particular  combination 
of  qualities  js  essential,  or  at  least  favorable.  Some 
of  the  categories  are  too  broad  to  permit  of  evalua¬ 
tion  by  a  single  set  of  properties.  Furniture  and 
cabinet  work,  for  example,  must  be  broken  down 
into  such  subdivisions  as  solid  wood  parts  (figured 
or  plain),  turnings,  figured  or  plain  face  veneers, 
crossbands  and  core  stock,  and  molded  or  bent-wood 
members.  An  analysis  of  the  service  conditions  in¬ 
volved  in  any  particular  use  will  permit  an  enumera¬ 
tion  of  desired  qualities. 

However,  even  after  selection  has  been  made  of 
a  particular  set  of  properties  pertinent  to  a  specific 
use,  it  is  unlikely  that  absolute  numerical  measures 
of  ^quality  in  any  particular  category  can  be  estab¬ 
lished.  What,  for  example,  is  the  minimum  value  of 
hardness  permitted  in  flooring,  or  precisely  what 
degree  of  decay  resistance  is  essential  to  a  satisfac¬ 
tory  boat  decking?  Or  how  much  shrinkage  is  per¬ 
missible  in  pattern  stock? 

Since  the  answers  to  these  and  numerous  similar 
questions  are  seldom  known,  evaluation  of  a  wood 
under  investigation  is  commonly  based  upon  com¬ 
parison  with  a  wood  of  known  suitability  for  the 


particular  use.  It  is  important,  of  course,  that  the 
comparison  include  insofar  as  possible  the  essential 
characteristics  related  to  this  use  but  just  as  impor¬ 
tant  is  the  exclusion  from  comparison  of  properties 
that  are  not  pertinent  to  the  case. 

A  few  examples  will  serve  to  illustrate  what  has 
been  designated  as  the  "species  profile”  method  of 
species  evaluation. 

Ship  and  Boat  Decking 

Among  the  more  important  properties  of  a  deck¬ 
ing  wood  are  low  shrinkage,  low  moisture  absorp¬ 
tion,  moderate  weight,  a  high  degree  of  resistance 
to  warp,  weathering,  and  decay,  and  adequate  hard¬ 
ness  and  compressive  strength  across  the  grain. 

Burma  teak  is  recognized  as  meeting  these  require¬ 
ments  to  a  high  degree.  Insofar  as  possible,  12 
selected  species  are  compared  directly  with  teak  in 
Fig.  5,  A-F.  The  data  upon  which  these  compari¬ 
sons  are  based  have  been  taken  from  various  pub¬ 
lished  reports  {1,  2,  5,  4).  The  strength  properties 
given  represent  unseasoned  wood  inasmuch  as  tests 
of  air-dry  wood  are  still  incomplete.  The  profile 
scales  are  so  arranged  that  deficiencies  from  the 
standard  of  quality  exhibited  by  teak  are  revealed 
by  a  lower  position  on  the  graph. 

Albhzia  caribaea  and  Bagassa  guianensh  (Fig. 

5 A)  are  notably  inferior  to  teak  {fectona  grand'ts') 
in  shrinkage  and  specific  gravity,  and  B.  guianensh 
is  also  inferior  in  weathering  resistance.  In  other 
essential  characteristics  both  appear  to  be  nearly 
equivalent  or  superior  to  teak.  Buchenavia  capitata 
is  shown  to  be  closely  comparable  to  teak  and,  with 
the  exception  of  specific  gravity,  Chlorophora  tinc- 
toria  appears  to  compare  favorably  (Fig.  5B). 
Cordia  alliodora  (Fig.  5C)  has  the  advantage  of 
being  lower  in  density  than  teak  but  is  deficient  in 
tangential  shrinkage,  moisture  absorption,  hardness, 
and  compressive  strength.  In  the  same  figure  Dicor- 
ynia  paraensis  parallels  teak  at  a  slightly  lower  level 
except  for  a  notable  deficiency  in  tangential  shrink¬ 
age.  Neclandra  concinna  closely  approaches  teak  in 
nearly  all  categories  of  comparison,  whereas  Hy- 
menaea  courbaril  is  generally  low  in  all  properties 
except  decay  resistance,  hardness,  and  compressive 
strength  (Fig.  5D).  Pseudosamanea  guachapele 
closely  approximates  teak  throughout  and  Tabebuia 
pentaphylla  also  approaches  teak  in  all  categories 
except  moisture  absorption  in  which  it  is  notably 
deficient  (Fig.  5E).  Vitex  Cooperi  is  deficient  in 
tangential  shrinkage  but  otherwise  compares  favor¬ 
ably  with  teak,  whereas  Terminalia  amazonia  is  de¬ 
ficient  in  shrinkage,  specific  gravity,  and  weathering 
resistance  (Fig.  5F).  Of  the  woods  shown  in  Fig.  5, 
greatest  promise  of  successful  application  is  indi¬ 
cated  for  Buchenavia  capitata,  Nectandra  concinna, 
and  Chlorophora  tinctoria. 

Patterns 

Pattern  making  imposes  rigid  requirements  upon 
the  selection  of  suitable  woods.  Among  the  requi-  • 
site  properties  are  low  shrinkage,  a  high  degree  of 
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Fig.  5. — Species  profiles  of  12  tropical  woods  compared  with  that  of  teak  (Tectona  grandis)  in 
evaluating  suitability  for  ship  and  boat  decking. 


warp  resistance,  light  weight,  uniformity  of  texture, 
ease  of  gluing,  a  moderate  degree  of  softness,  good 
workability,  and  retention  of  surface  smoothness 
with  change  in  moisture  content.  Mahogany  and 
slow-growth,  even-textured  eastern  white  pine  (cork 
pine)  are  among  the  few  woods  that  have  success¬ 
fully  met  service  requirements  for  such  use. 


Profiles  for  six  tropical  woods  based  on  data 
appearing  in  a  number  of  reports  (2,  3,  4,  7)  are 
compared  with  that  of  mahogany  {Swietenia  macro- 
phytla')  in  Fig.  6  (A-C).  As  noted  previously, 
strength  properties  are  those  of  unseasoned  wood. 
Although  mahogany  was  selected  for  comparative 
purposes,  it  is  perhaps  misleading  to  compare  the 


TESTS  AND  PROPERTIES  OF  TROPICAL  WOODS 


211 


Fig.  6. — Species  profiles  of  six  tropical  woods  compared 
with  that  of  mahogany  {Swietenia  macrophylla)  in  evalu¬ 
ating  suitability  for  patterns. 


Cordia  alliodora  is  shown  in  the  same  figure  to  have 
an  additional  deficienqr  from  the  standpoint  of 
raised  grain.  Simaruba  amara  is  shown  to  be  equiva¬ 
lent  or  superior  to  mahogany,  being  lower  in 
weight,  somewhat  softer,  and  only  slightly  less  uni¬ 
form  in  texture,  whereas  young  plantation-grown 
mahogany  is  deficient  to  forest-grown  mahogany  in 
specific  gravity  and  hardness  (Fig.  6B).  Both  Pri- 
orta  Copaijera  and  Bombacopsis  quinata  appear  to 
have  serious  deficiencies,  the  former  chiefly  in  its 
poor  workability  and  Bombacopsis  quinata  as  a  con¬ 
sequence  of  its  excessive  tangential  shrinkage  and 
density  together  with  a  tendency  toward  raised 
grain  (Fig.  6C). 

Impact  Tool  Handles 

High  shock  resistance,  toughness,  bending 
strength,  moderate  weight,  freedom  from  warp, 
moderate  shrinkage,  and  machinability  are  among 
the  more  important  characteristics  desired  in  wood 
handles  for  impact  tools.  Hickory  is  generally  rec¬ 
ognized  as  a  domestic  wood  possessing  suitable 
qualities  for  such  use.  On  the  basis  of  available  data 
(3,  4),  six  tropical  woods  are  compared  with  hick¬ 
ory  in  Fig.  7  (A-C). 

In  Fig.  7 A  Chlorophora  tincWria  is  shown  to  be 
nearly  equal  or  superior  to  hickory  in  all  respects 
except  work  to  maximum  load  in  static  bending 
which  provides  a  measure  of  shock  resistance.  Apu- 
leia  molaris  shares  this  deficiency  in  shock  resistance 
and  is  somewhat  heavier  than  hickory,  but  shows  a 
definite  superiority  to  hickory  in  all  other  respects. 

As  shown  in  Fig.  7B  Eschtveilera  Sagotiana  is 
much  heavier  than  hickory  and  yet  fails  to  equal 
hickory  in  shock  resistance.  In  other  essential  char¬ 
acteristics  it  closely  parallels  hickory.  Pouteria  cara- 
bobensis  is  generally  equal  to  hickory  in  all  but 
shock  resistance,  which  is  deficient,  and  bending 
strength  which  greatly  exceeds  that  of  hickory. 

Pterocarpus  vernalis  (Fig.  7C)  is  considerably 
lighter  in  weight  and  possesses  less  than  half  the 
shock  resistance  of  hickory  but  appears  superior  in 
other  respects.  In  the  same  figure  Tabebuia  hetero- 
tricha,  although  appreciably  heavier,  is  markedly 
superior  to  hickory  in  all  other  respects  except 
machinability.  This  superiority  is  especially  notable 
with  respect  to  bending  strength  and  elastic  resili¬ 
ence  (work  to  proportional  limit).  Most  unusual 
perhaps  is  the  favorable  comparison  with  hickory 
shown  by  Tabebuia  heterotricha  in  shock  resistance 
as  measured  by  work  to  maximum  load.  Few  woods 
are  known  to  exceed  hickory  in  this  property. 


shrinkage  of  these  tropical  species  with  mahogany 
alone.  Eastern  white  pine,  for  example,  is  char¬ 
acterized  by  a  tangential  shrinkage  of  nearly  6  per¬ 
cent  which  gives  some  idea  of  an  acceptable  toler¬ 
ance  in  dimensional  stability. 

With  the  possible  exception  of  tangential  shrink¬ 
age,  Cedrela  T onduzii  compares  favorably  with  ma¬ 
hogany  in  all  essential  characteristics  (Fig.  6A). 


Summary 

The  testing  of  tropical  woods  serves  a  two-fold 
purpose.  Because  of  their  wide  range  in  density 
and  diversity  of  structure,  these  wo^s  afford  an 
opportunity  to  broaden  basic  knowledge  of  wood 
behavior.  As  stated  in  the  first  section  of  this  paper, 
a  number  of  departures  from  specific  gravity  and 
moisture  content  relationships  anticipated  on  the 
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basis  of  tests  of  domestic  woods  are  indicated.  It  is 
suggested  that  a  part  of  the  observed  difference  may 
be  due  to  a  lower  fiber  saturation  point  in  most  of 
the  tropical  woods  tested,  but  proof  of  this  hy¬ 
pothesis  awaits  further  testing. 

The  more  immediate  purpose  for  conducting 
tropical  woods  tests  is  to  obtain  information  relative 
to  the  properties  of  these  woods  to  permit  their 
evaluation  for  specific  use.  A  "species  profile” 
method  of  presenting  a  visual  comparison  of  any 
wood  under  consideration  with  a  wood  of  known 
adaptability  to  a  particular  use  is  suggested  and 
illustrated  with  several  examples.  Application  of 
this  method  is,  of  course,  not  limited  to  tropical 
woods  but  may  be  employed  to  advantage  in  the 
evaluation  of  any  wood  for  new  uses. 
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Discussion 

R.  C.  Rietz — Comments  by  A.  J.  Stamm  and 
J.  T.  Drow  (Forest  Products  Laboratory):  Mr. 
Wangaard  states  "One  hypothesis  that  appears  to 
explain  the  results  of  both  strength  and  shrinkage 
tests  is  that  the  tropical  woods  for  which  data  are 
presented  here  may  be  characterized  by  a  lower 
fiber-saturation  point  than  the  majority  of  domestic 
woods.  A  saturated  cell  wall  containing  less  mois¬ 
ture  per  unit  of  wood  substance  would  explain  both 
the  higher  strength  and  stiffness  exhibited  by  these 
woods  as  well  as  their  lesser  shrinkage  from  the 
green  to  oven-dry  condition.” 

By  definition,  the  fiber-saturation  point  is  the 
theoretical  state  in  which  the  cell  walls  are  fully 
saturated,  and  the  cell  cavities  are  entirely  free  of 
moisture.  Such  a  condition,  of  course,  will  never 
actually  be  achieved  throughout  a  piece  of  wood, 
but  for  practical  purposes  it  has  been  shown  that 
the  removal  of  moisture  from  initially  green  wood 
has  a  negligible  effect  on  the  strength  properties 
and  on  shrinkage  so  long  as  the  cell  walls  remain 
fully  saturated.  As  soon  as  the  moisture  content  is 
decreased  to  the  point  where  the  cell  walls  are  no 
longer  fully  saturated,  a  change  in  strength  prop¬ 
erties — usually  an  increase — begins  to  take  place, 
and  the  wood  starts  to  shrink. 

We  do  not  believe  any  observed  increase  in  the 
strength  of  green  tropical  woods  over  domestic 
species  having  comparable  densities  can  be  attrib¬ 
uted  to  a  lower  fiber-saturation  point  or  less  initial 
dispersion  of  the  wood  substance,  especially  since, 
up  to  the  present  time,  no  appreciable  variation  in 
fiber-saturation  point  has  been  detected  among 
domestic  species. 

On  the  other  hand,  the  cell  walls  are  apparently 
not  particular  whether  they  are  saturated  by  water 
or  by  other  substances  such  as  extractives.  It  is 
known  that  a  variety  of  water-soluble  extractives 
may  infiltrate  into  the  fiber  structure  of  wood  long 
after  the  cells  have  been  formed  in  the  living  por¬ 
tion  of  the  tree,  and  woods  containing  large 
amounts  of  water-soluble  extractives  invariably  have 
low  apparent  fiber-saturation  points,  as  determined 
by  the  shrinkage  from  green  to  the  oven-dry  con¬ 
dition. 

Woods  low  in  water-soluble  extractives,  and  not 
readily  subject  to  collapse  on  drying  in  small  sizes 
and  under  relatively  stress-free  conditions  approxi¬ 
mate  the  relation 
v.  S  =  0.28  8 

where  S  is  the  shrinkage  from  green  to  the  oven- 
dry  condition  and  8  is  the  specific  gravity  based  on 
green  volume  and  weight  when  oven  dry. 

The  constant  0.28  represents  the  fiber-saturation 
point  on  the  basis  of  volume  of  adsorbed  water  per 
unit  weight  of  dry  wood.  Correcting  for  the  com¬ 
pression  of  the  water,  the  fiber-saturation  point  on 
the  basis  of  the  normal  weight  of  water  per  unit 
weight  of  wood  is  obtained,  namely  0.30  to  0.31. 


When  wood  contains  large  amounts  of  water- 
soluble  extractives,  the  constant  in  the  above 
shrinkage-specific  gravity  relation  is  materially  de¬ 
creased.  For  example,  we  have  tested  specimens  of 
redwood  with  values  of  the  constant  as  low  as  0.18. 
This  corresponds  to  an  apparent  fiber-saturation 
point  of  0.20. 

The  reason  for  this  is  that  part  of  the  swollen 
cell  wall  volume  normally  occupied  by  water  is 
occupied  by  extractives  that  have  infiltrated  into  the 
fiber  structure,  thereby  displacing  water.  When 
such  wood  is  dried,  the  final  volume  of  the  fiber  is 
bulked  by  an  amount  equal  to  the  volume  of  the 
extractive  remaining  in  the  cell  wall.  This  is  the 
principle  by  which  the  swelling  and  shrinking  of 
wood  is  reduced  by  resin  treatments  and  by  acetyla¬ 
tion.  If  the  extractives  are  leached  out  of  the  wood 
before  drying,  the  shrinkage  is  increased.  In  the 
case  of  redwood,  for  example,  the  constant  in  the 
equation  given  above  becomes  practically  normal, 
about  0.27.  Extracted  redwood  thus  has  a  fiber  satu¬ 
ration  point  comparable  to  that  of  species  which  are 
low  in  water-soluble  extractives,  whereas  unex¬ 
tracted  redwood  has  a  much  lower  apparent  fiber 
saturation  point. 

We  believe  that  differences  in  the  observed 
shrinkage-specific  gravity  relations  of  tropical  and 
domestic  woods  as  discussed  by  Mr.  Wangaard  on 
the  basis  of  his  figure  4  could  possibly  be  explained 
on  the  basis  of  differences  in  extractive  content.  It 
seems  probable  that  species  showing  the  greatest 
deviations  would  be  those  having  the  greatest 
extractive  content. 

Mr.  Wangaard’s  finding  that  the  strength  in¬ 
crease  on  drying  of  tropical  woods  is  less  than  for 
our  native  woods  is  likewise  explainable  on  the 
basis  of  extractive  content.  When  woods  high  in 
water-soluble  extractives  are  reduced  to  12  percent 
moisture  content,  they  will  remain  bulked  more 
than  extractive-free  wood  by  the  amount  of  the 
extractives  present,  hence  the  increase  or  decrease 
in  strength  over  the  condition  where  the  fibers  are 
fully  saturated  will  be  relatively  less. 

It  must  be  borne  in  mind  that  a  low  apparent 
fiber-saturation  point  of  woods  having  large 
amounts  of  water-soluble  extractives  does  not  mean 
a  lesser  amount  of  swelling  of  the  wood  in  the  fully 
swollen  condition,  but  only  a  smaller  amount  of 
moisture  by  the  volume  occupied  by  the  extractives. 
It  is  not  the  moisture  content  in  wood  but,  rather, 
the  relative  degree  of  dispersion  of  the  components 
of  the  cellular  structure  that  determines  the  extent 
of  molecular  cross-bonding  and,  consequently,  the 
strength  of  the  green  wood. 

It  has  been  demonstrated  that  any  solution  that 
swells  wood,  for  example,  alcohol  will  produce  a 
reduction  in  strength  in  proportion  to  the  relative 
degree  of  swelling.  As  a  consequence,  there  is  no 
reason  to  believe  that  the  presence  of  water-soluble 
extractives  will  have  any  noteworthy  effect  on  the 
strength  of  green  wood  as  compared  to  wood 
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swollen  by  water  alone.  Other  ways  of  accounting 
for  diflFerences  in  the  strength-specific  gravity  rela¬ 
tions  of  foreign  and  domestic  woods  should  hence 

^  A.  J.  Stamm 

J.  T.  Drow 

Rjchani  N.  Hammond  (Weyerhaeuser  Timber 
Co.) :  Has  there  been  any  study  of  moisture  content 
equilibrium  ? 

Mr.  Wangaard:  That  is  something  we  are  study¬ 
ing.  One  of  our  doctorate  students  recently  began 
an  investigation  into  the  equilibrium  moisture  con¬ 
tent  relationships  for  a  number  of  these  woods.  His 
plan  is  to  study  both  equilibrium  moisture  content 
and  volumetric  changes  of  wood  throughout  the 
range  of  moisture  content  below  the  fibre-saturation 
point.  His  study  involves  specimens  from  which 
various  extractives  have  been  removed  as  well  as 
untreated  material. 

Dean  B.  Richards  (Lilly  Company) :  What  was 
the  basis  for  selecting  the  woods  studied? 

Mr.  W''angaard;  These  species  were  selected  for 
particular  uses  on  the  basis  of  empirical  informa¬ 


tion.  However,  the  basis  was  not  necessarily  the 
strength  properties  or  shrinkage  values.  Some  were 
selected  because  of  their  attractive  appearance, 
others  because  of  favorable  reputations  for  decay 
resistance,  weathering  qualities,  shock  resistance, 
etc.  On  the  basis  of  other  available  data,  I  believe 
that  the  relationships  shown  are  reasonably  repre¬ 
sentative  of  tropical  woods  generally. 

John  Reno  (Pacific  Lumber  Co.) :  Is  the  figure 
of  20  percent  for  fibre-saturation  for  redwood, 
mentioned  in  the  Forest  Products  Laboratory  com¬ 
ments,  to  be  considered  satisfactory  for  present  use? 

Mr.  W^angaard:  I  am  in  general  agreement  with 
those  comments  except  that  I  question  the  statement 
that  fibre-saturation  point  is  not  the  answer.  To  say 
that  the  strength  and  shrinkage  relationships  in¬ 
volved  here  are  due  to  extractives  is  not  contradic¬ 
tory  to  the  conclusions  drawn  in  the  paper,  inas¬ 
much  as  the  extractive  content  of  the  cell  walls  and 
fibre-saturation  point  are  interrelated.  However, 
fibre-saturation  point  may  also  be  influenced  by 
other  factors  still  unknown. 


Some  Comparative  Characteristics  of  Second-Growth  and 

Old-Growth  Redwood 


Benson  H.  Paul,  Chief,  Division  of  Silvicultural  Relations,  Forest  Products  Laboratory,^ 
Forest  Service,  U.  S.  Department  of  Agriculture 


Comparisons  were  made  between  old-growth  and  second-growth  redwood  with  respect  to  specific  ^vity,  strength, 
shrinkage,  and  other  significant  properties.  Silvicultural  practices  are  recommended  to  produce  high-quality  timber  on  the 
shorter  rotations. 


Introduction 

1  UMBER  from  second  growth  of  western  species  is 
^  now  appearing  on  the  market  as  a  result  of  new 
methods  of  logging  and  sawmilling  that  utilize  rela¬ 
tively  young  and  small-sized  trees.  Tractor-truck  log¬ 
ging  and  portable  sawmills  are  now  operating  in 
young  stands  that  could  not  be  handled  profitably  by 
the  heavy  equipment  and  large  mills  designed  for 
old-growth  timber. 

As  more  and  more  second-growth  timber  comes 
on  the  market,  it  is  natural  for  the  merchandiser  and 
user  to  ask  how  the  new-crop  timber  compares  with 
that  from  old-growth  trees  of  the  same  species. 
Some  comparative  characteristics  of  second-growth 
and  old-growth  redwood  are  presented  herewith. 

Some  time  ago  the  Forest  Products  Laboratory 
conducted  a  rather  extensive  survey  of  the  variability 
of  old-growth  and  second-growth  redwood  {Sequoia 
sempervirens)  based  on  the  specific  gravity  (den¬ 
sity)  of  the  wood.®'  ®  Trees  growing  on  soils  of  dif¬ 
ferent  site  quality  were  sampled  in  both  old-growth 
and  second-growth  stands.  Following  the  prelimi¬ 
nary  sampling,  standard  strength  tests  were  made  on 
representative  material  from  the  same  localities 
where  specific  gravity  samples  had  been  obtained. 
This  kind  of  sampling  and  testing  gave  a  very  reli¬ 
able  picture  of  the  strength  properties  and  character¬ 
istics  of  redwood  on  a  broader  basis  than  had  been 
done  before  for  most  native  woods. 

Width  of  Growth  Rings 

Redwood  varied  widely  in  width  of  growth  rings, 
depending  upon  the  kind  of  stand,  whether  old 
growth  or  second  growth,  and  the  chance  for  devel¬ 
opment  of  individual  trees,  particularly  in  the 
second-growth  stands. 

'  Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 

*  Lnxford,  R.  F.,  and  Paul,  B.  H.  Specific  Gravity  Survey 
of  Redwood.  U.  S.  Forest  Products  Laboratory  Office  Re¬ 
port.  1928. 

*  Luxford,  R.  F.,  and  Markwardt,  L.  J.  The  Strength  and 
Related  Properties  of  Redwood.  U.  S.  Dept,  of  Agr.  Test 
Bull.  No.  305.  July  1932. 


Most  old-growth  redwood  trees  had  grown  slowly 
in  diameter,  many  of  them  from  their  earliest  years. 
Only  8  percent  of  the  old-growth  specific  gravity 
specimens  had  fewer  than  10  rings  per  inch;  20  to 
50  rings  per  inch  were  rather  common,  while  again 
8  percent  of  the  samples  had  60  or  more  rings  to 
the  radial  inch.  In  the  closely  grown  second-growth, 
ring  width  varied  mostly  between  2  and  20  rings 
per  inch  with  as  many  as  30  rings  per  inch  in  a  few 
samples.  Only  one  of  the  samples  of  open-grown 
second-growth  redwood  had  more  than  5  rings  per 
inch  (Fig.  1). 

Specific  Gravity 

More  than  4,000  specific  gravity  determinations 
were  made  on  wood  from  56  old-growth  redwood 
trees  representing  Site  Qualities  I,  II,  III,  and  IV, 


Fig.  1. — Frequency  of  ring  width  classes  among  speci¬ 
mens  of  old-growth  and  closely  grown  or  openly  grown 
second-growth  redwood. 
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and  987  more  specific  gravity  determinations  were 
made  from  42  second-growth  trees  representing  Sites 
II,  III,  and  IV.  The  samples  from  the  second- 
growth  trees  represented  both  fully  stocked  and  un¬ 
derstocked  (openly  grown)  stands  (Fig.  2). 


SPCC'flC  GRAVITY 

Fig.  2. — Specific  gravity  range  and  distribution  of  spe¬ 
cific  gravity  classes  in:  A,  old-growth;  B,  closely  grown 
second-growth;  and  C,  openly  grown  second-growth  red¬ 
wood. 

The  specific  gravity  variation  in  old-growth  trees 
extended  over  a  wide  range,  with  the  minimum  be¬ 
ing  0.21,  the  maximum  0.62,  and  the  average  0.38. 
There  was  considerable  variation  in  different  parts 
of  trees  and  between  different  trees  in  the  same 
stand.  Average  differences  in  the  wood  from  stands 
representing  different  site  qualities  appeared  to  be 
relatively  unimportant.  In  most  old-growth  trees  the 
lightest  material  was  comprised  of  wood  of  exceed¬ 
ingly  slow  growth  in  which  as  many  as  100  growth 
rings  were  found  in  a  radial  inch.  Much  of  the 
heavier  wood  represented  a  medium  ring  width  of 
20  to  40  rings  per  inch,  except  in  the  case  of  com¬ 
pression  wood,  which  frequently  contained  fewer 
rings. 

Specific  gravity  of  second-growth  redwood  varied 
over  a  shorter  range  than  that  of  the  old-growth. 
Closely  grown  second-growth  trees  averaged  0.36, 
with  a  minimum  of  0.25  and  a  maximum  of  0.52. 
The  openly  grown  second-growth  trees  averaged 
0.31,  with  a  range  of  0.23  to  0.44.  In  contrast  with 
old-growth  trees,  the  lightest  wood  in  the  second- 
growth  consisted  of  the  very  wide-ringed  material 
near  the  center  of  the  openly  grown  trees.  In  the 


closely  grown  second-growth  trees,  as  the  rings  be¬ 
came  narrower  from  the  center  of  the  trees  outward, 
there  was  a  general  increase  in  specific  gravity.  The 
openly  grown  trees  had  for  the  most  part  continued 
to  g.ow  rapidly  in  diameter,  with  five  rings  or  less 
per  radial  inch,  and  sometimes  the  rings  near  the 
center  of  the  trees  equalled  1  inch  in  width.  In  the 
closely  grown  second-growth  trees,  initial  growth 
was  as  few  as  two  rings  per  inch,  with  subsequent 
rings  gradually  becoming  narrower  to  more  than  20 
rings  per  inch  for  trees  from  the  more  closely 
crowded  parts  of  the  stands.  This  more  narrow- 
ringed  wood  in  the  outer  parts  of  these  trees  was 
similar  in  appearance  and  density  to  that  of  equal 
ring  width  in  old-growth  trees;  however,  this 
slower-growth  zone  was  relatively  thin,  which  made 
it  difficult  to  produce  boards  of  uniform  ring  width 
and  specific  gravity  from  trees  having  such  variable 
growth.  Magnified  comparisons  of  structural  ap¬ 
pearances  of  the  wood  of  the  three  types  of  growth, 
representing  24  rings  per  inch  in  old-growth,  12 
rings  per  inch  in  closely  grown  second-growth,  and 
3.5  rings  per  inch  in  openly  grown  second-growth 
trees,  are  shown  in  Fig.  3. 

Moisture  Content 

The  moisture  content  of  old-growth  redwood 
varied  considerably  in  different  parts  of  the  green 
trees.  In  the  heartwood  near  the  stump  of  the  trees, 
the  moisture  equalled  an  average  of  150  percent  of 
the  oven-dry  weight  of  the  wood  and  decreased 
gradually  upward  in  the  trees  to  about  60  percent  at 
80  feet  above  the  ground,  and  was  only  slightly  less 
at  greater  heights  in  the  tree.'*  On  the  same  basis, 
the  moisture  content  of  the  sapwood  averaged  be¬ 
tween  220  and  230  percent  from  the  stump  to  80 
feet  and  increased  somewhat  at  greater  heights.  The 
greatest  average  moisture  content  in  sapwood — 250 
percent  of  the  oven-dry  weight  of  the  wood — was 
found  at  a  height  of  175  feet. 

In  heartwood  of  second-growth  redwood,  the 
moisture  content  varied  from  150  percent  at  the 
stump  to  60  percent  at  a  height  of  60  feet.  In  the 
sapwood,  a  maximum  of  185  percent  moisture  oc¬ 
curred  at  14  feet  above  the  ground,  and  this  gradu¬ 
ally  decreased  to  165  percent  at  60  feet. 

Lumber  from  second-growth  trees  having  smaller 
diameters  and  generally  wider  sapwood  zones  con¬ 
tains  proportionately  more  sapwood  than  that  from 
old-growth  trees. 

Extractives 

Redwood  heartwood  gains  its  characteristic  color 
from  the  presence  of  materials  that  infiltrate  the  cel¬ 
lular  structure  of  the  wood  when  it  changes  from 
sapwood  to  heartwood.  A  portion  of  this  material 
is  soluble  in  cold  water,  more  is  dissolved  by  hot 
water,  and  somewhat  greater  amounts  by  use  of 
alcohol  or  other  chemical  solvents.  In  the  extrac¬ 
tions  made,  extractive  contents  varying  from  5  to  28 
percent  and  averaging  10  to  15  percent  of  the  oven- 
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Fig.  3. — Typical  wood  structure  of  redwood.  A,  old  growth,  24  rings  per  inch;  B,  closely  grown  second  growth,  12 
rings  per  inch;  C,  openly  grown  second  growth,  3-5  rings  per  inch.  Compare  proportional  amounts  of  springwood  (light- 
colored  zones)  and  summeiwood  (darker  zones  of  growth  rings)  in  the  three  views. 


dry  w'eight  of  the  wood  were  found  in  different 
parts  of  heartwood  of  old-growth  trees.^  The  sap- 
wood  of  old-growth  trees  contained  from  4  to  8  per¬ 
cent  extractives.  In  second-growth  trees  the  amount 
of  extractives  varied  from  only  10  to  15  percent  in 
the  heartwood  and  from  3  to  6  percent  in  the  sap- 
wood. 

Extractives  may  influence  certain  properties  of 
w'ood  such  as  shrinkage  and  compressive  strength. 
In  some  cases  shock  resistance  appeared  to  be  de¬ 
creased  by  the  presence  of  extractives.  Under  some 
conditions  in  use  extractives  of  redwood  lumber  may 
dissolve  and  cause  discoloration  of  painted  surfaces. 

Strength 

The  variations  of  strength  and  related  properties 
of  redwood  with  specihc  gravity  follow  the  same 
general  trends  as  have  been  observed  in  other  spe¬ 
cies.  For  example,  the  heavier  wood  is  stronger  and 
harder.  The  relationship  of  specific  gravity  to  bend¬ 
ing  strength  (modulus  of  rupture)  for  the  three 
groups  of  redwood  trees  is  shown  in  Fig.  4.’’  In  old- 


*  Luxford,  R.  F.  Effect  of  Extractives  on  the  Strength  of 
Wood.  Journal  of  Agricultural  Research,  vol.  42,  No.  12, 
pp.  801-826.  June  15,  1931. 

®  From  the  test  specimens  the  relationship  was  deter¬ 
mined  by  using  the  formula  y  =  ax'*  and  solving  for  inter¬ 
cept  and  slope  by  the  method  of  least  squares  after  con¬ 
verting  the  formula  to  logarithm  form.  Modulus  of  rup¬ 
ture  =  y,  specific  gravity  =  x. 


Fig.  4. — Chart  showing  relationships  of  specific  gravity 
and  modulus  of  rupture  in  bending  tests  of  green  old- 
growth  redw'ood,  closely  grown  second-growth  redwiH)d, 
and  openly  grown  second-growth  redwood.  The  curves 
representing  the  average  trends  show  that  for  equal  spe¬ 
cific  gravity  the  openly  grown  redwood  is  lower  in  bend¬ 
ing  strength  than  the  closely  grown  second-growth  and 
the  old-growth  redwood. 

growth  trees  tested  in  a  green  condition,  the  bend¬ 
ing  strength,  as  measured  by  the  modulus  of  rup¬ 
ture,  varied  from  3,100  to  10,800  pounds  per  square' 
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inch  of  cross  section.  The  average  of  individual 
test  specimens  was  7,500  pounds.  The  bending 
tests  from  closely  spaced  second-growth  trees  aver¬ 
aged  6,100  pounds  per  square  inch  of  cross  section 
and  ranged  between  3,700  and  8,700  pounds.  Wood 
from  the  openly  grown  second-growth  trees  was  still 
lower  in  this  strength  property.  It  averaged  only 
4,600  pounds  per  square  inch  in  the  green  tests  and 
ranged  between  3,000  and  8,700  pounds.® 

It  is  worthy  of  note  that  bending  strength  is 
somewhat  lower  for  comparable  specific  gravity 
values  for  the  openly  grown  second-growth  red¬ 
wood  than  for  the  closely  grown  second-growth  and 
for  the  old-growth.  Somewhat  similar  results  have 
been  obtained  from  rapidly  grown  material  of  other 
coniferous  species.  The  cause  of  this  different  be¬ 
havior  is  being  investigated. 

In  a  dry  condition  at  12  percent  moisture  content 
comparative  average  modulus  of  rupture  values  for 
the  three  groups  of  trees  were  10,000  pounds  per 
square  inch  for  old-growth,  8,300  for  closely  grown 
second-growth,  and  6,400  for  the  wide-ringed 
openly  grown  trees.  Table  1  contains  average  data 
for  specific  gravity,  bending  strength,  hardness,  and 
compression  parallel  to  grain  for  the  three  groups 


in  the  United  States,”  and  in  U.  S.  Dept.  Agr. 
Technical  Bulletin  305,  "Strength  and  Related  Prop¬ 
erties  of  Redwood.”  On  the  basis  of  wood  of  equal 
density,  data  for  old-growth  redwood  compared 
favorably  with  ponderosa  pine  and  Sitka  spruce. 
The  closely  grown  second-growth  redwood  com¬ 
pared  more  nearly  to  western  redcedar  and  Engel- 
mann  spruce  in  the  same  properties,  while  the 
openly  grown  second-growth  redwood  was  more  like 
northern  white  cedar  and  cork  bark  fir.  These  com¬ 
parisons  are  shown  in  Table  2. 

Compression  Wood 

Compression  wood  ordinarily  may  be  recognized 
by  its  appearance,  which  is  darker  than  normal 
wood,  and  by  the  fact  that  when  present  logs  are 
likely  to  be  eccentric  in  cross  section  as  viewed  end 
on.  In  lumber  it  may  be  recognized  by  darker 
appearing  streaks  and  relatively  wider  growth  rings 
than  in  the  adjacent  wood.  Compression  wood,  be¬ 
cause  of  its  undesirable  shrinkage  behavior,  should 
be  discarded  for  critical  uses  in  manufacture  and 
building.  It  appears  likely  that  there  will  be  a  some¬ 
what  greater  tendency  for  compression  wood  to 
form  in  second-growth  redwood  trees  that  are  grown 


Table  1. — Average  Specific  Gravity,  Bending  Strength,  Hardness,  and  Compression 
Parallel  to  Grain  for  Old-Growth  and  Second-Growth  Redwood 


Old  growth . . Green _ _ _ 

12  percent  moisture  content. 

Second  growth,  closely  grown _ Green _ 

12  percent  moisture  content. 

Second  growth,  openly  grown _ Green _ 

12  percent  moisture  content. 


Specific 

Modulus  of 

Compression 
parallel  to  grain. 
Maximum 

gravity 

rupture 

Hardness 

crushing  strength 

P.s.i. 

Lbs. 

P.8.i. 

0.38 

7,600 

410 

4,200 

.40 

10,000 

480 

6,150 

•.32 

6,100 

350 

3,280 

.34 

8,300 

400 

5,240 

•.28 

4,600 

280 

2,320 

.30 

6,400 

340 

3,810 

•These  specific  gravity  values  differ  from  those  given  earlier  in  the  text  because  fewer  specimens  were  represented  in  the  bending  teat. 


of  redwood  trees  when  tested  green  and  at  12  per¬ 
cent  moisture  content. 

Data  on  other  properties  of  redwood  are  also 
given  in  U.  S.  Dept.  Agr.  Technical  Bulletin  479, 
"Strength  and  Related  Properties  of  Woods  Grown 

•Markwardt,  L.  J.  and  Wilson,  T.  R.  C.  Strength  and 
Related  Properties  of  Woods  Grown  in  the  United  States. 
U.S.D.A.  Tech.  Bull.  No.  479.  1935. 


from  sprouts  about  old  stumps  than  from  seedling 
trees,  since  in  the  sprout  groups  there  is  a  tendency 
for  the  trees  to  lean  away  from  each  other  at  first 
to  reach  sunlight  as  they  grow.  This  results  in  a 
sweep  near  the  bases  of  the  trees  (Fig.  5).  It  is 
characteristic  for  leaning  trees  of  all  coniferous 
species  to  produce  compression  wood  on  the  under¬ 
side. 


Table  2. — Some  Strength  Comparisons  of  Redwood  With  Other  Species  of  Similar 
Average  Specific  Gravity  at  12  Percent  Moisture  Content 


Redwood  (old  growth) . . 

Ponderosa  pine _ 

Sitka  spruce _ 

Redwood  (second  growth,  closely  grown). 

Western  redcedar _ 

Engelmann  spruce _ 

Redwood  (second  growth,  openly  grown). 

Northern  white-cedar _ _ _ 

Cork  bark  fir _ 


Average 

specific 

Modulus  of 

Compression 
parallel  to  grain. 
Maximum 

Hardness 

gravity 

rupture 

crushing  strength 

(side) 

P.s.i. 

P.s.i. 

Lbs. 

0.40 

10,000 

6,150 

480 

.40 

9,200 

5,270 

450 

.40 

10,220 

5,610 

510 

.34 

8,300 

5,240 

400 

.33 

7,700 

5,020 

350 

.34 

8,700 

4,770 

350 

.30 

6,400 

3,810 

340 

.31 

6,500 

3,960 

320 

.30 

6,900 

4,110 

290 
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Fig.  5. — View  in  second-growth  redwood  sprout  stand 
showing  original  old-growth  stumps  from  which  the  new 
stand  has  originated. 

(U.  S.  Forest  Service  Photo) 


Shrinkage 

Redwood  is  among  conifers  having  very  low 
volumetric  and  transverse  shrinkages.  Average  values 
as  shown  in  Table  3  are  close  to  those  of  western 
redcedar  and  slightly  below  those  of  sugar  pine. 


Table  3. — Shrinkage  of  Redwood 


Old  growth _ 

Second  growth  (closely  grown) 
Second  growth  (openly  grown) 

Western  redcedar _ _ 

Sugar  pine _ _ _ 


In  volume 
Percent 
6.8 
7.4 
6.3 
7.7 
7.9 


Radial 

Percent 

2.6 

2.4 

2.0 

2.4 

2.9 


Tangential 

Percent 

4.4 

5.0 

4.4 

5.0 

5.6 


In  general,  sapwood  shrunk  slightly  more  than 
heartwood,  but  average  differences  between  shrink¬ 
age  of  heartwood  and  sapwood  were  small 
(Table  3). 

Longitudinal  shrinkage  of  redwood  has  some¬ 
times  caused  difficulty  by  the  opening  of  butt  joints 
in  .siding.'  Investigations  of  such  cases  revealed  the 
presence  of  compression  wood  in  one  or  both  of  the 
pieces  next  to  the  openings.  Usually,  longitudinal 
shrinkage  of  lumber  is  disregarded  because  of  its 
relatively  small  amount,  which  generally  ranges  up 
to  about  0.30  percent  of  the  green  dimension  for 
specimens  dried  to  a  moisture-free  condition.  Com¬ 
pression  wood  in  redwood,  as  well  as  in  other  coni- 

’  Koehler,  Arthur,  and  Luxford,  R.  F.  The  Longitudinal 
Shrinkage  of  Redwood.  The  Timberman.  Jan.  1931. 


fers,  may  shrink  two  to  four  times  that  amount,  and 
in  such  cases  warping  or  crooking  results  if  a  piece 
contains  both  normal  wood  and  compression  wood. 

Again,  in  normal  redwood  the  pieces  containing 
mostly  springwood  shrunk  more  longitudinally  than 
pieces  with  usual  amounts  of  springwood  and  sum- 
merwood.  The  wood  from  near  the  center  of  trees 
having  wide  growth  rings  and  a  preponderance  of 
springwood,  particularly  in  second  growth,  may 
shrink  enough  more  than  the  adjacent  narrow-ringed 
wood  to  cause  warping  when  both  types  of  wood 
are  contained  in  one  piece  of  lumber.  Wood  from 
old-growth  trees  of  exceedingly  slow  growth,  when 
consisting  almost  entirely  of  springwood,  also  has 
relatively  high  longitudinal  shrinkage.  In  the  studies 
made,  93  percent  of  old  growth,  86  percent  of 
closely  grown  second-growth,  and  76  percent  of 
the  openly  grown  second-growth  had  longitudinal 
shrinkage  below  0.30  percent  when  dried  from  a 
green  to  an  oven-dry  condition. 

Conclusions  and  Recommendations 

As  in  other  species,  redwood  lumber  of  superior 
quality  is  found  in  the  relatively  narrow-ringed, 
clear  portions  of  the  large  old-growth  trees.  Pro¬ 
duction  of  this  high-quality  wood  in  old-growth 
redwood  trees  has  taken  from  1,000  to  2,000  or 
more  years.  Second-growth  trees,  many  considerably 
less  than  100  years  old,  have  grown  rapidly  in  di¬ 
ameter  and  are  of  comparatively  large  size  for  their 
ages.  The  wood  of  such  second-growth  trees,  par¬ 
ticularly  that  near  the  pith,  is  characterized  by  very 
wide  growth  rings,  having  a  very  different  natural 
appearance  than  that  in  old-growth  timber.  Also, 
the  second-growth  trees  contain  numerous  knots 
from  branches  not  yet  removed  in  natural  pruning, 
by  which  the  proportion  of  clear  lumber  that  can 
be  cut  from  them  is  reduced.  The  wide-ringed  wood, 
as  has  already  been  shown,  is  lower  in  density  and 
strength.  Only  the  outer,  more  slowly  grown  por¬ 
tion  of  second-growth  trees  closely  approaches  the 
quality  of  old-growth  redwood  lumber. 

From  a  standpoint  of  forest  management  in  sec¬ 
ond-growth  redwood  it  appears  that  for  the  best 
timber  quality,  development  of  very  wide-ringed 
growth  should  be  discouraged  by  keeping  young 
stands  densely  stocked  at  first.  When  the  desired 
growth  rate  is  established,  it  may  be  maintained  by 
thinnings  designed  to  keep  ring  width  fairly  uni¬ 
form  throughout  the  cross  section.  It  is  believed 
that  lumber  with  more  than  eight  growth  rings  per 
radial  inch  will  be  preferable  and  more  satisfactory 
for  many  uses  of  redwood  than  that  having  wider 
growth  rings.  If  young  stands  of  redwood  are 
pruned  of  lateral  branches  at  an  early  age,  further 
advantage  will  accrue  by  earlier  production  of  clear 
lumber.  In  order  to  produce  timber  of  high  quality 
in  comparatively  short  rotations,  second-growth  red¬ 
wood  timber  stands  should  be  given  assistance 
through  the  best  silvicultural  practices  when  they 
are  yet  in  the  formative  stages. 
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Discussion 

F.  F.  Wangaard  (Yale  School  of  Forestry)  :  Since 
redwood  uses  are  primarily  not  structural,  are  these 
tests  of  strength  a  sufficient  indication  that  second- 
growth  material  will  be  satisfactory? 

John  Reno  (Pacific  Lumber  Company) ;  I  think 
so.  As  a  representative  of  The  Pacific  Lumber  Com¬ 
pany,  I  appreciate  the  opportunity  of  commenting 
on  Mr.  Benson  Paul’s  paper.  Although  The  Pacific 
Lumber  Company  will  not  be  faced  with  the  neces¬ 
sity  of  utilizing  second-growth  redwood  for  many 
years  to  come,  we  agree  that  consideration  of  the 
comparative  properties  of  old-growth  and  second- 
growth  are  appropriate  at  this  time.  It  prepares  us 
for  things  to  come  and  enables  calm  evaluation 
without  pressure. 

It  is  our  opinion  that  the  uses  for  which  redwood 
is  found  valuable  today  are  the  same  purposes  for 
which  it  will  be  desired  to  employ  this  species  in 
the  years  to  come.  In  this  connection  it  is  well  to 
remember  that  redwood  is  not  primarily  a  struc¬ 
tural  lumber;  as  a  matter  of  fact,  few  redwood  man¬ 
ufacturers  make  a  practice  of  producing  stress  grade 
lumber.  Great  strength  is  not  a  requirement  in  most 
of  the  applications  where  its  other  valuable  proper¬ 
ties  make  it  much  in  demand;  therefore  the  lower 
specific  gravity  and  concomitant  lesser  strength  of 
second-growth  redwood  is  not  a  serious  considera¬ 
tion  affecting  its  utilization  in  those  fields  where  it 
is  generally  acceptable  today. 

Mr.  Paul’s  paper  discloses  that  there  is  very  little 
difference  in  the  average  specific  gravity  of  old- 
growth  and  second-growth  redwood.  The  real  vari¬ 
ance  is  in  the  ranges  of  specific  gravity,  and  here  it 
must  be  noted  that  it  is  the  second-growth  that  has 
the  shorter  range  and  hence  produces  a  more  uni¬ 
form  product.  No  deterioration  in  redwood’s  pres¬ 


ent  gluing  excellence  is  indicated  by  the  differences 
in  properties  of  old-growth  and  second-growth. 
Mr.  Paul  found  that  extractives  (which  influence 
the  natural  durability  of  redwood)  vary  from  5  to 
28  percent  in  the  heartwood  of  old-growth  with  an 
average  of  10  to  15  percent  while  the  variation  in 
second-growth  is  10  to  15  percent.  This  indicates 
the  two  growths  are  approximately  equal  in  average 
extractive  content. 

As  a  matter  of  fact,  it  may  develop  that  second- 
growth  will  prove  to  be  about  equal  in  other  valu¬ 
able  respects  to  old-growth: 

1.  The  transverse  expansion  and  contraction  will 
be  no  greater  than  in  old-growth.  Longitudinal 
shrinkage  should  not  be  a  problem  in  properly 
selected,  manufactured,  and  dried  stock. 

2.  The  painting  properties  of  siding  and  finish 
manufactured,  as  is  common  practice,  from  the 
outer  portion  of  the  heartwood  where  uniform  ring 
growth  can  be  anticipated,  should  match  the  pres¬ 
ent  superiority  of  redwood  in  this  respect. 

3.  The  wood  should  split  less  in  nailing  and 
screwing.  The  small  difference  in  average  specific 
gravity  should  result  in  only  a  moderate  reduction 
in  holding  power,  especially  in  the  closely-grown 
second-growth. 

During  the  interval  between  the  present  and  the 
time  when  second-growth  trees  are  our  only  source 
for  redwood  lumber,  there  will  be,  without  doubt, 
more  intensive  investigations  concerning  the  prop¬ 
erties  of  this  growth  and  more  will  be  learned  con¬ 
cerning  its  proper  utilization. 

These  comments  are  offered  to  emphasize  that 
undoubtedly  it  will  be  found  that  second-growth 
redwood  can  be  used  to  advantage  in  about  the 
same  type  of  applications  for  which  the  old-growth 
is  now  being  utilized. 
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This  paper  discusses  test  procedures  for  determinitiE  fatigue  behavior  of  wood  and  glued  wood  constructions.  Re¬ 
sults  are  presented  of  tests  of  clear  wood  in  tension  parallel  to  the  grain,  of  wood  with  glued  scarf  joints  in  tension 
rarallel  to  grain,  of  a  typical  glued  joint  in  shear,  and  of  wood  and  glued  wood  in  tension  perpendicular  to  grain. 
Two  species,  Doi^las  fir  and  white  o^,  were  used. 

Appropriate  curves  are  presented  and  discussed,  and  conclusions  are  made  with  respect  to  the  application  of 

these  data  to  glued  laminated  structures. 


Introduction 

Glued  laminated  construction  has  come  into  its 
own  during  the  last  two  decades.  Because  large 
timbers  have  become  more  scarce,  hence  more  ex¬ 
pensive,  because  of  the  considerable  degrade  intro¬ 
duced  by  drying  timber  of  large  cross  section,  and 
because  laminations  can  be  glued  together  to  form 
permanently  curved  members,  the  advent  of  highly 
water-  and  mold-resistant  glues  has  been  the  needed 
impetus  to  make  the  field  of  glued  laminated  con¬ 
struction  one  of  major  importance. 

Often  glued  laminated  structural  members  are 
used  where  many  repetitions  of  major  loading  can 
be  expected  during  the  life  of  the  structure.  Be¬ 
cause  many  stress-raisers  are  likely  introduced  in  a 
member  by  gluing  it  up  of  smaller  pieces,  the  ques¬ 
tion  is  often  raised  as  to  what  will  be  the  effect  of 
the  glued  joints  on  resistance  to  fatigue.  Another 
question  often  raised  is,  will  the  glue  tend  to  fail  in 
fatigue  more  rapidly  than  the  wood  adjacent  to  it. 

The  tests  reported  herein  were  undertaken  to  de¬ 
termine  whether  or  not  glued  laminated  construc¬ 
tion  can  be  expected  to  withstand  repetitions  of 
stress  without  failure  as  well  as  solid,  wood.  Also, 
because  data  on  the  fatigue  of  wood  in  tension 
parallel  to  grain  were  not  available,  tests  were  made 
so  that  data  could  be  compared  with  the  results  of 
tests  of  specimens  with  glued  scarf  joints. 

Definitions 

Engineering  structures  and  machine  parts  are  sub¬ 
jected  to  three  types  of  stress — static,  impact,  and 
repeated.  Principal  stresses  may  be  primarily  one  of 
the  three  types  or  combinations  of  them.  A  static 
stress  is  defined  as  a  slowly  applied  stress  that  re¬ 
mains  practically  constant  during  the  time  the  load 
is  on  the  structure.  The  usual  load  on  the  floor 
system  of  a  building  is  an  example  of  a  static  stress. 
Impact  stresses  are  produced  by  loads  of  short  dura- 

’  Maintained  at  Madis*in,  Wis..  in  cooperation  with  tlie 
University  of  Wisconsin. 


tion  and  are  suddenly  applied.  Shock  loading  such 
as  boats  bumping  a  dock  or  dolphin  produces 
impact  stresses. 

Repeated  stresses  are  just  what  the  name  implies, 
stresses  that  are  repetitive  during  the  life  of  the 
structure.  The  number  of  repetitions  may  vary  from 
a  few  thousand  to  many  millions.  The  stresses  pro¬ 
duced  by  the  loads  on  the  stringers  of  a  railroad 
bridge  are  an  example  of  repeated  stresses,  each 
truck  on  each  loaded  car  produces  one  repetition  of 
stress.  Thus,  each  train  passing  over  a  structure 
produces  a  substantial  number  of  repetitions,  which, 
when  multiplied  by  the  number  of  trains  expected 
during  the  life  of  a  railway  bridge,  brings  the  total 
to  a  figure  large  enough  for  the  resistance  to  fatigue 
to  become  important. 

Fatigue  in  engineering  materials  is  defined  as  the 
progressive  damage  and  failure  that  (Kcurs  when  a 
structure  or  a  part  is  subjected  to  repeated  loads  of 
a  magnitude  smaller  than  the  indicated  static 
strength.  Failure  may  be  sudden  without  visible 
damage  prior  to  failure,  or  it  may  start  as  a  crack, 
as  in  some  metals,  that  spreads  until  the  section 
under  stress  becomes  too  small  to  carry  the  load  im¬ 
posed  on  it,  when  the  failure  becomes  complete. 

There  are  certain  terms  used  in  fatigue  work 
that  are  not  general  in  materials  testing,  and  that 
hence  should  be  defined.  The  definitions  that  fol¬ 
low  are  in  general  conformity  with  those  of  Ameri¬ 
can  Society  for  Testing  Materials.- 

Maximum  Stress,  S,,,.,^ — The  highest  algebraic 
value  of  stress  in  a  stress  cycle. 

Minimum  Stress,  S,„i„ — The  lowest  algebraic 
value  of  stress  in  a  stress  cycle. 

Stress  Ratio  (also  known  as  range  ratio),  R — The 
algebraic  ratio  of  the  minimum  stress  and  the  maxi¬ 
mum  stress  in  one  cycle,  that  is,  S,„in/S,„„x. 

Fatigue  Life,  N — The  number  of  stress  cycles 
that  can  be  sustained  for  a  given  test  condition. 

‘Committee  E-9,  ASTM,  1949.  Special  Technical  Pub¬ 
lication  No.  91.  Manual  on  Fatigue  Testing.  82  pp. 
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S-N  Diagram — A  plot  of  the  stress  against  the 
number  of  cycles  to  failure.  It  is  usually  plotted  S 
versus  the  logarithm  of  N. 

Fatigue  Limit  (also  known  as  endurance  limit) 
Se — The  limiting  value  of  the  stress  below  which  a 
material  can  presumably  endure  an  infinite  number 
of  stress  cycles,  that  is,  the  stress  at  which  the  S— N 
diagram  becomes  horizontal  and  appears  to  re¬ 
main  so. 

Fatigue  Strength,  — ^The  greatest  stress  that  can 
be  sustained  for  a  given  number  of  stress  cycles 
without  failure. 

Stress-raiser — Any  abrupt  change  in  cross  section, 
such  as  a  notch  or  hole,  causes  a  concentration  of 
stress;  that  is,  because  of  the  rearrangement  of 
stresses  caused  by  the  change  in  cross  section,  stresses 
immediately  adjacent  to  it  are  greater  than  the  aver¬ 
age  calculated  on  the  net  section. 

Description  of  Test  Specimens 

General 

Two  species  were  selected  for  the  tests,  Douglas 
fir  as  a  representative  softwood  and  white  oak  as  a 
representative  hardwood.  They  are  two  of  the  spe¬ 
cies  most  used  for  structural  laminating,  both  having 
applications  in  boats,  buildings,  and  bridges.  The 
Douglas  fir  used  in  these  tests  was  from  five  logs 
obtained  from  the  Pacific  Coast,  hence  represents 
"Coast”  type  of  Douglas  fir.  The  white  oak  was 
obtained  from  two  sources  in  timber  and  plank 
form;  (1)  from  the  State  of  Indiana,  and  (2)  from 
the  Norfolk  Navy  Yard.  Hence  the  geographical 
location  of  growth  for  part  of  the  material  is  not 
known.  A  wide  range  of  densities  in  each  soecies 
was  selected,  so  that  the  data  obtained  could  be  con¬ 
sidered  as  representative  as  possible  of  the  species 
used  for  the  limited  program  involved. 

Three  types  of  glued  joints  were  considered  im¬ 
portant  because  of  the  frequent  occurrence  in  a 
glued  laminated  member  of  the  following:  (1)  scarf 
joints  as  used  in  end-joining  boards  in  individual 
laminations  when  stressed  in  tension,  (2)  shear 
parallel  to  the  grain  along  glue  lines,  as  is  intro¬ 
duced  because  of  discontinuities  in  adjacent  lamina¬ 
tions,  and  (3)  tension  perpendicular  to  the  glue 
line,  as  would  be  introduced  in  the  glue  lines  be¬ 
tween  laminations  when  tensile  forces  are  present 
perpendicular  to  the  grafn  in  the  wood. 

*  American  Society  for  Testing  Materials,  "Standard 
Methods  of  Testing  Small  Clear  Specimens  of  Timber.” 
D143-50,  Part  4,  ASTM  Standards,  1949.  Pages  617-659. 


Material  selected  for  test  was  straight-grained  and 
free  from  defects  such  as  knots,  decay,  and  abnormal 
growth.  The  specimens  were  all  glued  with  a  room- 
temperature-setting  resorcinol-resin  adhesive  with 
mechanical  pressure  applied  while  the  glue  was  set¬ 
ting.  Specimens  were  fabricated  on  commercial 
woodworking  equipment  and  were  of  a  quality  no 
better  than  coultl  be  expected  in  any  well-controlled, 
wood-manufacturing  operation.  All  material  was 
kiln-dried  at  the  Forest  Products  Laboratory  to  ap¬ 
proximately  12  percent  moisture  content  and  further 
conditioned  at  75°  F.  and  64  percent  relative  humid¬ 
ity  prior  to  and  after  fabrication  of  specimens. 

Tension  Parallel  to  Grain 

Approximately  260  tension-parallel-to-grain  speci¬ 
mens  were  prepared,  of  which  about  one-half  were 
of  each  species.  Because  there  were  no  data  on  solid 
specimens  (without  scarf  joints),  there  were  an 
equal  number  of  solid  specimens  and  those  with 
scarf  joints  so  that  a  comparison  could  be  made  be¬ 
tween  the  fatigue  resistance  of  the  specimens  with 
the  glued-scarf  joints  and  those  of  the  solid  wood. 
The  specimen  used  for  these  tests  is  detailed  in 
Fig.  1.  It  is  the  same  as  the  standard  specimen®  for 
wood,  except  that  a  uniform  width  section  5  inches 
long  was  used  to  provide  sufficient  length  for  the 
scarf  joints.  A  1:8  slope  of  scarf  joint,  though 
steeper  than  usually  recommended,  was  selected  for 
these  tests  because  it  was  deemed  desirable  that  the 
slope  used  have  as  severe  effect  on  the  fatigue  be¬ 
havior  as  practicable.  It  was  considered  that  any  re¬ 
sults  from  so  few  tests  should  be  conservative.  The 
scarf  joint  was  made  across  the  l/^-inch  dimension; 
therefore,  the  length  of  scarf  parallel  to  the  axis  of 
the  specimen  was  4  inches. 

Scarf  joints  were  prepared  in  flat-grained  boards 
y2  inch  thick,  after  which  ^-inch  slabs  were  glued 
to  the  faces  of  the  board  at  the  ends  of  the  30-inch 
length  to  provide  the  required  1-inch  thickness  at  the 
ends  of  the  specimen.  The  steps  in  the  preparation 
of  the  scarf-jointed  specimens  are  detailed  in  Fig.  2. 
All  specimens  were  shaped  to  final  cross  section  in 
a  high-speed  spindle  shaper.  The  solid  specimens 
were  prepared  from  the  ends  of  the  same  planks  as 
were  used  for  the  scarf-jointed  specimens,  so  that, 
in  effect,  the  solid  specimens  in  each  set  were  longi¬ 
tudinally  matched  to  the  scarf-jointed  ones  in  the 
same  set. 

Five  different  logs  were  represented  in  the  tests 
of  Douglas  fir,  and  11  different  timbers  were  rep¬ 
resented  in  the  tests  of  the  specimens  of  white  oak. 


JO"  - 


- 5-1 


JL" _ 


- -  5"  - 

_ lL 


x: 


so"  RADIUS 

Fig.  1. — Tension-parallel-to-grain  specimen  for  fatiuge  test. 
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Fig.  2. — Sketch  showing  steps  in  the  preparation  of 
tension-parallel-to-grain  specimen  with  scarf  joint  in  net 
section. 

Specimens  were  prepared  from  planks  in  groups  of 
5  to  8  with  the  specimens  in  each  group  tangentially 
matched. 

Laminated  Glue  Shear 

The  total  number  of  specimens  in  this  series  was 
80,  of  which  40  were  Douglas  fir  and  40  were 
white  oak.  The  glue-shear  specimen  is  detailed -in 
Fig.  3.  The  specimen  was  designed  so  that  tension 
loading  of  the  specimen  produced  shear  along  the 
two  glue  lines,  which  had  a  total  area  in  shear  of 
8  square  inches.  Fig.  4  shows  how  the  specimens 


Fig.  3- — Laminated  glue-shear  specimen  for  fatigue  test. 


ing  the  way  the  specimens  were  glued  into  a  panel  and 
later  sawed  to  provide  eight  test  specimens  that  were 
essentially  matched  to  each  other. 

were  glued  together  of  matched  material  in  groups 
of  eight.  The  assembled  panels  were  trimmed,  and 
the  individual  specimens  sawed  out  after  gluing. 
Because  the  material  in  each  lamination  was  essen¬ 
tially  flat-grained,  individual  specimens  in  each 
group  of  eight  could  be  considered  as  being  either 
tangentially  or  longitudinally  matched  to  the  others 
in  the  same  group.  Five  different  logs  were  repre¬ 
sented  in  the  tests  of  Douglas  fir,  and  five  different 
planks  were  represented  in  the  tests  of  white  oak. 

Tension  Perpendicular  to  Grain 

Approximately  90  specimens  were  prepared  for 
this  series.  Because  of  the  great  variability  in  results 
of  tests  in  tension  perpendicular  to  grain  in  wood 
and  because  this  property  is  practically  never  used 
directly  in  design,  only  Douglas  fir  was  used  in  these 
tests.  The  specimen  used  in  this  series  is  detailed  in 
Fig.  5.  This  specimen  is  different  from  the  standard 


Fig.  5. — Tension-perpendicular-to-grain  specimen  for 
fatigue  tests. 

used  for  wood^  because  it  was  considered  desirable 
to  eliminate  all  possible  concentrations  in  stress  at 
the  net  section,  as  well  as  those  that  might  be  in¬ 
troduced  by  the  grips  used  in  the  standard  test. 
Stress-raisers  such  as  these  are  likely  to  have  a 
greater  effect  in  fatigue  than  in  static  tests. 

The  tension-perpendicular-to-grain  specimens  in 
each  group  were  matched  to  each  other  in  the  longi¬ 
tudinal  direction  of  the  grain  in  the  wood;  that  is, 
rhev  were  oreoared  bv  sawinc  strips  1^/4  inches  wide 
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across  the  boards.  One-half  of  the  specimens  in  each 
group  had  a  glued  joint  in  the  center  of  the  length 
of  the  specimen.  This  joint  was  made  in  the  board 
before  the  individual  specimens  were  sawed,  so  that 
the  quality  of  the  joints  in  the  specimens  of  a  set 
was  essentially  the  same.  Final  shaping  of  the  re¬ 
duced  center  section  was  done  with  a  high-speed 
spindle  shaper.  Five  different  logs  were  represented 
in  these  tests. 

Methods  of  Test 

Controls 

The  static  control  strength  of  the  different  types 
of  specimens  was  determined  from  tests  of  repre¬ 
sentative  specimens  in  each  group  from  each  log  or 
plank  in  conformity  with  established  practices  for 
static  tests  of  wood.  Tests  were  conducted  in 
universal-type  testing  machines  at  rates  of  loading 
comparable  with  those  required  for  standard  tests 
of  wood.® 

Self-alining  Templin-type  grips  were  used  for  the 
control  tests  in  tension  parallel  to  grain  and  tension 
perpendicular  to  grain  to  insure  that  the  loading 
was  parallel  to  axis  of  specimens.  Loading  was  at 
the  uniform  rate  of  0.05  inch  per  minute  fo  the 
tension-parallel-to-grain  specimens  and  0.04  inch 
per  minute  for  the  tension-perpendicular-to-grain 
specimens. 

Pin-connected  fittings,  the  same  as  for  the  fatigue 
tests,  were  used  in  conjunction  with  plates  glued  to 
the  sides  of  the  specimens  at  their  ends  to  produce 
shear  stresses  by  tension-loading  in  the  laminated 
glue-shear  specimens.  The  uniform  rate  of  separa¬ 
tion  of  the  heads  of  the  testing  machine  was  0.025 
inch  per  minute. 

Fatigue  Tests 

The  fatigue  tests  were  made  in  axial-loading 
fatigue  machines,  one  of  which  is  shown  in  Fig.  6. 
Two  specimens  can  be  tested  simultaneously  in  this 
machine,  each  to  a  maximum  repeated  load  of  as 
much  as  4,000  pounds.  Other  machines  with  capac¬ 
ities  of  10,000  pounds  were  used  when  maximum 
repeated  loads  were  large  enough  to  require  this 
capacity. 

Both  sides  of  these  machines  are  driven  from  one 
shaft  to  which  the  adjustable  eccentrics  are  attached. 
A  V-belt  drives  the  shaft,  and  by  using  different 
sized  pulleys,  different  speeds  are  obtained.  A  rate 
of  900  cycles  per  minute  was  used  on  all  tests  re¬ 
ported  herein.  Automatic  devices  are  provided  for 
counting  the  number  of  cycles  for  each  side  of  the 
machine.  The  setting  of  the  eccentric  is  dependent 
upon  the  variation  of  load  desired.  The  mean  load 
(preload)  is  applied  to  the  specimen  by  means  of 
the  upper  loacfing  screw,  and  the  desired  variation 
for  each  cycle  is  applied  through  the  reciprocating 
loading  arm,  which  is  attached  to  the  adjustable 
eccentric  by  the  vertical  connecting  rod. 

Static  loads  are  determined  from  readings  of  the 
load-indicating  dial  bar  (Fig.  6,  F).  The  dial 


measures  the  deflection  of  the  cantilever  loading 
arm,  which  is  directly  proportional  to  the  load. 
(This  dial  bar  is  removed  when  the  machine  is 
operating.)  Due  to  inertia  effects  in  the  arm  and 
other  moving  parts,  however,  the  alternating  stress 
amplitude  is  greater  when  the  machine  is  operating 
than  is  indicated  by  the  dial  bar.  This  difference  was 


Fig.  6. — Axial-loading  fatigue  machine  showing:  (A) 
upper  loading  screw  (B)  specimen  (specimen  shown  is 
the  one  for  the  laminated  glue-shear  test)  (C)  lower  load¬ 
ing  screw  (D)  electric  strain  gages  for  determining  cor¬ 
rections  for  dynamic  effects  (E)  horizontal  loading  arm 

(F)  calibrated  dial  bar  for  determining  static  loads 

(G)  adjustable  eccentric  (H)  electronic  cut-off  switch  for 
stopping  machine. 

determined  to  be  directly  proportional  to  the  alter¬ 
nating  stress  amplitude  by  using  electric-type  strain 
gages,  so  that  when  the  dynamic  throw  factor  (cor¬ 
rection  factor  for  inertia  effects)  had  been  deter¬ 
mined  it  was  possible  to  calculate  the  static  varia¬ 
tions  in  load  that  would  give  the  desired  variations 
when  the  machine  was  operating. 

Each  side  of  each  machine  is  equipped  with  an 
electronic  shut-off  mechanism  (Fig.  6,  H)  that  turns 
off  the  motor  when,  because  of  yield  or  failure  of 
the  specimen,  the  load  decreases  more  than  a  pre¬ 
determined  amount.  The  operation  of  the  shut-off 
mechanism  is  based  on  the  fact  that  the  deflection 
in  the  cantilever  loading  arm  decreases  with  a  de¬ 
crease  in  load.  The  amount  of  reduction  in  load 
necessary  to  operate  the  relays  shutting  off  the 
machine  is  determined  by  the  setting  of  the  cut-off 
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switch,  which  can  be  adjusted  so  that  a  reduction 
in  load  of  as  little  as  20  pounds  will  stop  the 
machine.  Thus,  it  is  possible  with  proper  monitor¬ 
ing  to  achieve  essentially  constant  loads  with  a 
constant-deformation  type  of  machine. 

Because  the  temperature  of  a  specimen  tends  to 
increase  during  test,  due  to  energy  absorbed  in 
stressing,  and  because  wood  has  a  low  coefficient  of 
thermal  conductivity,  fans  were  used  to  cool  the 
specimens  during  test.  An  increase  in  temperature 
during  test  would  tend  to  decrease  the  moisture  con¬ 
tent  of  the  specimens  and  to  change  its  strength.  An 
appreciable  rise  in  temperature  would  also  be  unde¬ 
sirable  because  it  is  unlikely  to  occur  in  service.  All 
fatigue  tests  were  made  in  a  controlled  atmosphere 
of  75®  F.  and  64  percent  relative  humidity. 

A  difficulty  in  making  direct-stress  fatigue  tests 
of  wood  is  in  the  proper  gripping  of  the  specimens. 
Wedge-type  grips  as  used  in  static  tests  are  obvi¬ 
ously  not  applicable,  and  if  bolted  connections  are 
used,  the  bolt  holes  tend  to  enlarge  during  test  and 
the  wood  may  split  as  a  test  progresses.  This  diffi¬ 
culty  was  resolved  satisfactorily  by  gluing  steel 
plates  to  the  sides  of  specimens  near  each  end.  Fig. 
7  shows  the  three  types  of  fatigue  specimens,  the 
plates  glued  to  them,  and  the  pin-connected  fittings 
used  to  insure  that  the  center  of  loading  coincided 
with  the  axis  of  the  specimens.  Thin  sheets  of 
yellow  birch  or  walnut  veneers  with  the  grain  par¬ 
allel  to  the  direction  of  the  applied  load  were 
bonded  to  each  face  of  the  metal  loading  plates  in 
a  hot  press.  The  plates  with  the  veneer  bonded  to 
them  were  then  glued  to  the  specimens  by  a  room- 
temperature-setting  resorcinol-resin  adhesive.  This 
method  offered  several  advantages  over  gluing 
plates  directly  to  the  specimens.  After  completion 
of  one  test  the  plates  were  removed,  turned  over, 
and  glued  to  another  specimen.  Because  the  speci- 
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mens  were  not  subjected  to  heat  to  set  the  glue  line, 
less  conditioning  was  required  before  test. 

Results  of  Tests 
Tension  Parallel  to  Grain 

The  strength  of  each  of  the  groups  of  fatigue 
specimens  was  determined  from  static  tests  of  about 
50  Douglas  fir  and  50  white  oak  specimens.  In  gen¬ 
eral,  of  a  group  of  8  specimens,  3  were  controls  and 
5  were  fatigue  specimens.  If  the  plank  was  narrow 
so  that  only  5  specimens  could  be  obtained,  2  were 
tested  statically  to  serve  as  controls. 

The  tensile  strengths  for  control  specimens  of 
solid  wood  in  the  Douglas  fir  averaged  14,370 
pounds  per  square  inch  for  an  average  specific  grav¬ 
ity  of  0.47  (based  on  oven-dry  weight  and  volume) . 
Tensile  strengths  of  individual  specimens  varied 
from  9,000  to  20,900  pounds  per  square  inch  with 
a  corresponding  range  in  specific  gravity  of  from 
0.40  to  0.55.  The  tensile  strengths  for  the  control 
specimens  of  solid  wood  in  the  white  oak  averaged 
16,620  pounds  per  square  inch  for  an  average  spe¬ 
cific  gravity  of  0.66.  Tensile-strength  values  for  in¬ 
dividual  specimens  varied  from  9,000  to  24,300 
pounds  per  square  inch  with  a  corresponding  range 
in  specific  gravity  of  from  0.54  to  0.83. 

The  tensile  strengths  for  the  controls  of  scarf- 
jointed  specimens  in  the  Douglas  fir  averaged 
11,780  pounds  per  square  inch  with  individual 
strength  values  ranging  from  8,700  to  16,100 
pounds  per  square  inch  for  the  essentially  same 
range  in  specific  gravity  as  for  the  solid  ysecimens. 
This  indicates  that,  on  the  average,  the  efiiciency  of 
the  scarf-jointed  specimens  was  82  percent  of  the 
strength  of  the  solid  specimens.  The  tensile 
strengths  for  the  controls  of  the  scarf-jointed  speci¬ 
mens  of  white  oak  averaged  13,270  pounds  per 
square  inch  with  individual  strength  values  ranging 
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from  6,600  to  21,400  pounds  per  square  inch  with 
essentially  the  same  range  in  specific  gravity  as  for 
the  solid  specimens.  This  indicates  an  average  effi¬ 
ciency  for  the  scarf-jointed  specimens  in  white  oak 
of  80  percent  of  the  strength  of  the  solid  specimens. 

Each  fatigue  specimen  was  stressed  repeatedly  to 
some  predetermined  maximum  stress  based  on  the 
control  strengths  of  the  static-test  specimens  matched 
to  it  (the  average  of  the  ultimate  tensile  strengths 
parallel  to  the  grain  of  the  two  or  three  static  speci¬ 
mens  in  the  same  group) .  Because  it  was  impractical 
from  a  testing  standpoint  and  because  only  rarely 
in  actual  service  is  all  load  removed  from  a  struc¬ 
ture,  the  minimum  stress  for  each  cycle  of  stress 
was  arbitrarily  selected  to  be  0.10  of  the  maximum 
for  that  cycle  (  R  =  0.1).  Approximately  40  speci¬ 
mens  were  tested  for  each  of  the  four  groups  of 
tests  in  this  series,  solid  Douglas  fir,  scarf-jointed 
Douglas  fir,  solid  white  oak,  and  scarf-jointed  white 
oak.  Different  specimens  were  subjected  to  repeated 
stresses  that  were  different  percentages  of  the  static 
control  strengths,  so  that  enough  representative 
points  were  obtained  to  estimate  the  S-N  curve  for 
each  of  the  four  groups. 

The  resultant  S-N  curves  are  presented  in  Figs.  8 
and  9.  Fig.  8  presents  the  curves  for  solid  and  for 
scarf-jointed  Douglas  fir,  and  Fig.  9  the  similar 
curves  for  white  oak.  Examination  of  these  curves 
indicates  that  the  scarf-jointed  specimens  withstood 
the  repeated  stresses  as  well  as  did  the  wood  with¬ 
out  any  joints  in  them.  The  differences  between  the 
curves  for  scarf-jointed  material  and  the  solid  mate¬ 
rial  for  each  species  is  no  greater  than  can  be  readily 
attributed  to  the  relatively  few  data  that  located  the 
curves.  The  location  of  the  curves  was  by  inspec¬ 
tion,  and  only  if  there  were  a  large  number  of  tests 
could  any  more  accurate  means  be  employed. 

From  the  data  obtained  in  the  fatigue  tests  of 
these  two  species  it  is  believed  that  the  following 
conclusion  is  warranted:  That  if  proper  reduction 
in  the  working  stress  is  made  for  the  weakening 
effect  of  scarf  joints  on  the  static  strength  of  a  mate¬ 


Fig.  8. — S-N  curves  in  tension  parallel  to  grain  for 
solid  and  scarf-jointed  Douglas  fir.  Ratio  of  minimum  re¬ 
peated  stress  to  maximum  repeated  stress  for  each  cycle 
(R)  was  0.10  for  all  tests. 


rial  when  stressed  in  tension  parallel  to  grain,  then 
the  structural  member  can  be  considered  to  be  as 
resistant  to  fatigue  in  tension  as  though  the  member 
were  of  solid  wood. 

Further,  it  appears  from  the  S-N  curves  for  the 
condition  of  loading  used  (R  =  0.10)  that  the 
fatigue  strength  in  tension  parallel  to  grain  for 
wood  for  30  million  repetitions  of  stress  is  in  the 
neighborhood  of  50  percent  of  the  static  strength, 
if  the  material  has  no  major  defects  present  and  is 
essentially  straight-grained.  The  S-N  curves  for  the 
two  species  are  presented  in  Fig.  10. 

The  failures  in  fatigue  were  in  every  way  similar 
in  appearance  to  those  from  the  control  tests  for  the 
scarf-jointed  specimens.  There  was  no  indication  of 
any  breakdown  of  the  glue  from  the  repeated  load¬ 
ing.  The  failures  in  the  solid  specimens  in  fatigue 
were  likewise  similar  to  those  tested  statically,  with 
none  of  the  brash  appearance  that  is  so  characteristic 
of  metals.  At  higher  levels  of  stress,  failure  was 
sudden  and  complete  with  little  or  no  indication 
that  failure  was  imminent.  At  the  lower  levels  of 


Fig.  9. — S-N  curves  in  tension  parallel  to  grain  for 
solid  and  scarf-jointed  white  oak.  Ratio  of  minimum  re¬ 
peated  stress  to  maximum  repeated  stress  for  each  cycle 
(R)  was  0.10  for  all  tests. 


Fig.  10. — S-N  curves  in  tension  parallel  to  grain  for 
Douglas  fir  and  white  oak  clear,  straight-grained  wood 
free  from  defects.  Ratio  of  minimum  repeated  stress  to 
maximum  repeated  stress  for  each  cycle  (R)  was  0.10. 
stress,  failures  were  likely  to  be  progressive  with  as 
little  as  one  annual  ring  failing  at  a  time.  That  the 
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fatigue  failures  were  so  similar  in  appearance  to  the 
static  failures  makes  it  seem  probable  that  some 
structural  failures  in  service  may  have  been  attrib¬ 
uted  to  overload  when,  in  reality,  they  may  have 
been  fatigue  failures. 

The  fatigue  data  in  tension  parallel  to  the  grain 
was  quite  variable,  as  is  indicated  by  Fig.  11,  which 


Fig.  11. — Results  of  individual  tests  and  S-N  curve  for 
1:8  scarf-jointed  specimens  of  Douglas  fir  in  tension  par¬ 
allel  to  grain.  Ratio  of  minimum  repeated  stress  for  each 
cycle  (R)  was  0.10. 

shows  the  individual  test  results  for  the  scarf-jointed 
Douglas  fir  specimens  plotted  with  the  resultant  S-N 
curve.  This  apparently  large  scatter  of  test  results 
can  be  explained  by  two  things.  First,  all  fatigue 
data  have  a  larger  scatter  than  do  data  from  static 
tests.  Fatigue  behavior  of  materials  is  affected 
greatly  by  microscopic  stress-raisers  in  a  material  as 
well  as  by  external  stress- raisers  such  as  notches  and 
other  abrupt  changes  in  cross  section.  Second,  be¬ 
cause  the  greater  variability  in  wood  over  most 
materials  makes  it  very  difficult  to  estimate  accu¬ 
rately  the  strength  of  one  piece  of  wood  from  the 
strength  of  another  piece  adjacent  to  it.  Tension 
parallel  to  the  grain  is  one  of  the  more  variable 
strength  properties. 

Laminated  Glue  Shear 

The  static  strength  of  each  of  the  groups  of  lami¬ 
nated  glue-shear  specimens  was  determined  from 
static  tests  of  15  specimens  of  each  of  the  two 
species.  There  were  three  specimens  tested  statically 
from  each  group  of  eight.  The  Douglas  fir  speci¬ 
mens  had  an  average  calculated  shear  stress  at  fail¬ 
ure  of  748  pounds  per  square  inch  with  individual 
values  ranging  from  6l6  to  900  pounds  per  square 
inch.^The  white  oak  specimens  had  an  average  cal¬ 
culated  shear  stress  at  failure  of  1,304  pounds  per 
square  inch  with  individual  values  ranging  from 
1,090  to  1,455  pounds  per  square  inch. 

Because  the  range  in  individual  values  in  any  one 
group  was  in  many  instances  almost  as  large  as  in 
the  entire  number  of  specimens  tested,  and  because 
this  test  was  the  test  of  a  joint  in  shear,  the  average 
control  value  for  the  entire  series  for  each  species 
was  used  as  the  ultimate  strength  of  each  specimen. 


Better  agreement  among  fatigue-test  results  was  ob¬ 
tained  with  this  procedure  than  by  using  the  results 
of  the  controls  for  each  panel. 

Each  fatigue  specimen  was  loaded  repeatedly  to 
some  predetermined  maximum  stress  based  on  the 
control  strength  so  that  representative  points  for  a 
S-N  curve  would  be  obtained.  The  S-N  curve  was 
located  by  inspection  to  pass  through  the  mean  of 
the  plotted  points  of  the  test  results.  The  S-N  curves 
obtained  for  shear,  as  produced  by  the  type  of  speci¬ 
men  used  in  these  tests,  are  presented  for  ix)th 
Douglas  fir  and  white  oak  in  Fig.  12.  Examination 


Fig.  12. — S-N  curves  in  shear  in  laminated  glue-shear 
for  Douglas  fir  and  white  oak.  Ratio  of  minimum  re¬ 
peated  shear  stress  to  maximum  repeated  shear  stress  for 
each  cycle  (R)  was  0.10. 

of  these  curves  indicates  that  on  a  percentage  basis 
the  Douglas  fir  may  be  slightly  more  susceptible  to 
fatigue  for  repetitions  from  1  cycle  to  about  3  mil¬ 
lion  cycles  and  less  susceptible  to  fatigue  failure  for 
cycles  in  excess  of  3  million.  This  difference  is  not 
believed  to  be  significant  because  the  number  of 
tests  represented  is  too  small  to  locate  exactly  the 
S-N  curves.  These  tests,  however,  do  indicate  a 
fatigue  strength  for  30  million  repetitions  of  stress, 
for  a  construction  of  this  type  with  the  90-degree 
re-entrant  angle  (constituting  a  stress  raiser),  of 
something  in  the  range  of  40  to  45  percent  of  the 
static  strength  in  shear  for  this  condition  of  loading 
(R  =  0.10).  This  would  amount  to  approximately 
300  pounds  per  square  inch  for  the  Douglas  fir  and 
500  pounds  per  square  inch  for  the  white  oak. 
Actual  working  stresses  in  designs  incorporating 
this  type  of  joint  are  considerably  lower  than  these 
amounts,  so  that  the  danger  of  fatigue  failure  from 
this  type  of  stressing  should  be  minor. 

The  failures  in  both  the  controls  and  the  fatigue 
tests  were  almost  entirely  in  shear  of  the  wood  in 
the  area  immediately  adjacent  to  the  glue  line.  Occa¬ 
sionally  in  the  tests  of  white  oak  the  failure  would 
be  a  combination  of  shear  and  tension  parallel  to 
the  grain  in  the  wood.  A  typical  failure  is  shown  in 
Fig.  13. 

The  results  for  the  laminated  glue-shear  tests 
were  not  so  scattered  as  for  the  tests  in  tension 
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Fig.  13. — ^Typical  failure  of  laminated  glue-shear 
specimen  of  Douglas  fir. 


Fig.  l4. — Results  of  individual  tests  and  S-N  curve  for 
laminated  glue  shear  in  Douglas  fir.  Ratio  of  the  minimum 
repeated  stress  to  the  maximum  repeated  stress  for  each 
cycle  (R)  was  0.10. 

parallel  to  grain.  Fig.  14  shows  the  individual  test 
results  for  Douglas  fir  laminated  glue-shear  tests 
with  the  resultant  S-N  curve.  The  probable  reasons 
for  this  are  that  the  shear  strength  of  wood  is  not 
so  variable  as  for  tension  parallel  to  grain  and, 
probably  more  important,  that  the  concentrations  of 
stress  produced  by  the  SK)-degree  re-entrant  angle  at 
the  notch  has  a  greater  effect  on  the  strength  of  the 
joint  than  the  quality  of  the  wood  itself. 

Tension  Perpendicular  to  Grain 

The  results  from  the  tension-perpendicular-to- 
grain  tests  were  more  qualitative  than  quantitative. 
The  results  from  both  the  static  and  the  fatigue  tests 
were  so  variable  that  it  was  not  possible  to  estimate 
the  location  of  the  S-N  curve.  The  tensile  strength 


of  wood  perpendicular  to  grain  is  extremely  vari¬ 
able  and  is  probably  the  cause  of  the  large  scatter  in 
test  results.  For  example,  the  tensile  strength  of  the 
control  specimens  varied  from  a  low  of  254  pounds 
per  square  inch  to  a  high  of  494  pounds  per  square 
inch  and  averaged  402  pounds  per  square  inch.  Also, 
these  specimens  were  so  fragile  that  it  was  easy  to 
damage  them  during  fabrication  or  while  handling. 

That  none  of  the  specimens  with  a  glue  joint 
failed  anywhere  near  the  joint  when  tested  in  fatigue 
is  significant.  It  is  well  known  that  when  edge¬ 
gluing  boards  it  is  not  too  difficult  to  get  a  glue 
bond  that  is  stronger  than  the  wood  across  the  grain. 
In  fact,  it  is  the  usual  procedure  of  the  woodworker 
to  test  a  scrap  sawn  from  the  end  of  an  edge-glued 
board  by  bending  it  until  it  fails  and  noting  whether 
or  not  the  failure  is  in  the  bond.  From  the  fatigue 
tests  it  is  apparent  that  the  glue  line  is  not  any 
more  critical  in  fatigue  than  it  is  in  static  loading. 

Summary  of  Results  and  Conclusions 

On  the  basis  of  the  results  of  the  tests  in  fatigue 
discussed  herein,  (1)  in  tension  parallel  to  grain  of 
solid  wood,  (2)  in  tension  parallel  to  grain  of  speci¬ 
mens  with  1:8  glued  scarf  joints,  (3)  in  laminated 
glue-shear  (typical  of  points  where  there  is  a  dis¬ 
continuity  in  one  lamination  and  stress  must  be 
transferred  by  shear  to  the  two  laminations  adja¬ 
cent  to  it),  and  (4)  in  tension  perpendicular  to 
grain  (where  there  is  a  glued  joint  comparable  with 
those  produced  by  edge-gluing  boards),  it  appears 
that  the  following  conclusions  are  warranted,  pro¬ 
vided  that  a  glue  as  resistant  to  fatigue  as  a  resor¬ 
cinol  resin  is  used. 

1.  That  glued-laminated  construction  can  be  used 
with  confidence  in  the  resistance  to  failure  in  fatigue 
in  the  same  applications  where  solid-wood  construc¬ 
tion  has  proven  satisfactory. 

2.  That  scarf  joints  with  a  1 :8  or  flatter  slope  in 
individual  laminations  can  be  expected  to  withstand 
repetitions  of  stress  as  well  as  a  continuous  lamina¬ 
tion,  provided  reductions  in  design  stresses  are  made 
for  the  reduction  in  static  strength. 

3.  That  the  fatigue  strength  for  dry  wood  in  ten¬ 
sion  parallel  to  grain  at  30  million  cycles  of  stress 
is  about  50  percent  of  the  static  strength,  provided 
the  wood  is  straight-grained  and  has  no  defects  and 
the  condition  of  loading  (stress  ratio  of  0.10)  is  the 
same  as  used  in  these  tests. 

4.  That  there  was  no  evidence  in  any  of  the  tests 
that  the  glue  tended  to  deteriorate  due  to  fatigue 
any  faster  than  the  wood  around  it. 

5.  That  the  fatigue  strength  of  a  glue  joint  in 
shear  is  40  to  45  percent  of  the  static  strength  when 
there  is  a  stress-raiser  similar  to  the  re-entrant  angle 
used  in  these  tests  present  and  the  condition  of  load¬ 
ing  (stress  ratio  of  0.10)  is  the  same  as  used  in 
these  tests. 

6.  That  there  is  no  tendency  for  a  glue  line  to 
deteriorate  in  fatigue  any  faster  than  the  wood  itself 
when  tensile  stresses  are  perpendicular  to  the  grain 
and  to  the  glue  line. 


WOOD  AND  GLUED  JOINTS  IN  LAMINATED  CONSTRUCTION 


229 


Discussion 

Mr.  X:  In  your  experiments,  what  was  the  length 
of  time  between  bonding  and  testing? 

Mr.  Lewis:  About  30  days,  minimum.  All  speci¬ 
mens  were  glued  at  nearly  the  same  time,  after 
which  they  were  further  conditioned  before  test  in 
a  controlled  temperature-humidity  room  for  that 
period.  Some  fatigue  tests  were  made  as  long  as  a 
year  after  the  specimens  were  prepared. 

Dr.  Irving  H.  Isenberg  (Institute  of  Paper  Chem¬ 
istry)  :  In  actual  structures,  can  suitable  inspection 
procedures  be  used  to  detect  imminent  fatigue 
failures  ? 

Mr.  Lewis:  Usually  design  stresses  are  much 

lower  than  the  point  at  which  failure  occurs  as  a 
result  of  fatigue.  In  some  structures,  however,  such 
as  aircraft,  inspectors  are  trained  to  watch  for 

cracks  and  other  evidence  of  fatigue  failure.  Gen¬ 
erally  speaking,  though  it  could  be  possible  for  a 
fatigue  failure  to  occur  in  a  wood  or  glued-wood 
member,  subjected  to  repeated  stress,  without  any 
visible  indication  that  failure  was  imminent.  Be¬ 
cause  failures  due  to  fatigue  are  so  similar  in 

appearance  to  those  due  to  other  causes  it  may  be 
difficult  to  determine  whether  an  actual  service 

failure  may  have  been  due  to  fatigue  or  to  a  load 
that  exceeded  the  ultimate  strength  of  the  structural 
part. 

'  E.  George  Stern  (Virginia  Polytechnic  Institute)  : 
Did  you  observe  the  increase  in  temperature  of  the 
test  specimens  during  the  testing  and  particularly  at 
the  time  of  failure? 

Mr.  Lewis:  We  made  an  attempt  to  cool  the  spec¬ 
imens  during  the  test  by  air  blast  because  fatigue 
loading  in  an  actual  use  such  as  a  bridge  occurs 
over  a  long  period  of  time,  usually  many  years.  In 
that  case  there  would  be  no  temperature  effect.  In 
the  tests,  however,  the  increase  in  temperature  was 
less  than  10®  F.,  and  any  effect  from  the  tempera¬ 
ture  rise  during  test  could  not  have  been  appreci¬ 
able,  because  moisture  contents  of  the  wood  after 
test  were  essentially  unchanged  from  those  before 
test.  Failure  in  fatigue  usually  occurred  in  a  rela¬ 
tively  few  cycles  once  it  started,  so  any  extra  heat¬ 
ing  during  the  period  that  failure  was  occurring  had 
little  effect  on  the  total  number  of  cycles  of  stress 
before  failure. 

Eric  Anderson  (New  York  State  College  of  For¬ 
estry)  :  Have  you  done  any  testing  in  fatigue  at 
very  low  temperatures? 


Mr.  Lewis:  The  only  work  being  done  is  in  the 
field  of  metal  to  metal  bonding.  In  these  tests  the 
metal  often  fails  before  the  bond.  Metal  to  metal 
glue  tests  show  increased  fatigue  strength  at  low 
temperature.  Similar  tests  will  be  conducted  on 
wood  in  the  future.  That  is  at  a  given  level  of 
stress,  a  specimen  will  withstand  a  greater  number 
of  cycles  before  failure  if  at  — 70®  F  than  if  at 
room  temperature. 

Mr.  X:  Do  wood  or  wood-base  materials  react  in 
fatigue  the  same  as  metals? 

Mr.  Lewis:  Wood  or  wood-base  materials  are 
subject  to  failure  in  fatigue  (due  to  repeated 
stresses)  in  the  same  way,  but  not  necessarily  in  the 
same  degree  as  metals.  Indications  are  that  in  terms 
of  percent  of  strength  the  fibrous  materials  such  as 
wood  may  not  be  as  susceptible  as  are  most  crystal¬ 
line  materials  such  as  metals. 

Mr.  X:  How  should  fatigue  data  be  applied  to 
design  criteria? 

Mr.  Lewis:  Generally  it  should  be  a  separate  con¬ 
sideration.  In  a  structure  or  member  subjected  to 
repeated  loads,  estimated  stresses  should  not  exceed 
the  indicated  fatigue  strength  for  the  number  of 
cycles  of  stress  expected  during  the  life  of  the 
structure. 

Mr.  X:  What  are  some  of  the  differences  between 
the  techniques  for  testing  wood  and  similar  mate¬ 
rials  as  compared  to  tests  for  metals? 

Mr.  Lewis:  These  materials  all  have  lower  moduli 
of  elasticity  than  do  metals  so  fatigue  testing 
machines  must  have  capacity  for  greater  movement 
during  each  application  of  stress.  Also,  more  work 
is  done  per  cycle  and  because  coefficients  of  thermal 
conductivity  are  much  lower,*  speeds  of  cycling 
must  be  slower  since  the  work  done  on  the  speci¬ 
men  is  dissipated  as  heat.  Usually  some  type  of 
cooling  such  as  a  fan  is  warranted.  Difficulties  of 
fastening  the  specimen  are  usually  more  complex. 
Some  such  technique  as  was  used  in  these  tests, 
where  the  plates  were  glued  to  the  specimen  may 
be  necessary. 

Mr.  X:  What  types  of  fatigue  tests  are  most 
applicable  to  wood  and  wood-base  materials? 

Mr.  Lewis:  Direct  stress  types  of  tests  rather  than 
rotating  beam  or  flat  plate,  are  considered  more 
applicable  because  the  entire  cross-section  is  sub¬ 
jected  to  tensile,  compressive  or  shear  stressing. 
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This  report  sugi-^ests  various  tests  that  are  helpful  for  the  evaluation  of  wood  preservatives  and  summarizes  the  impor¬ 
tant  features  of  procedures  commonly  used  in  these  tests. 


Introduction 

The  accurate  evaluation  of  a  wood  preservative 
is  a  difficult  and  time-consuming  job.  The  qual¬ 
ity  of  some  products  of  industry  can  be  easily  deter¬ 
mined  in  laboratory  tests  and  their  fitness  for  their 
intended  use  determined  within  a  matter  of  hours 
or  days.  But  such  is  not  the  case  with  wood  pre¬ 
servatives. 

In  evaluating  a  new  preservative  it  is  desirable  to 
begin  with  laboratory  screening  tests.  If  the  pre¬ 
servative  in  such  testing  shows  up  favorably  it  can 
then  be  tried  out  in  accelerated  tests  on  wood  stakes 
in  the  field.  This  is  desirable  since  field  conditions 
cannot  be  reproduced  in  the  laboratory.  Actual 
service  tests  are  necessary  to  determine  the  extent 
of  protection  a  preservative  will  provide  to  specific 
wood  products,  such  as  telephone  poles,  crossties, 
fence  posts,  or  bridge  timbers. 

Even  in  the  case  of  a  poor  preservative  the  time 
required  for  a  service  test  may  be  several  years. 
Service  tests  may  need  to  run  for  15  to  20  years  or 
longer  to  furnish  accurate  comparisons  of  the  better 
wood  preservatives. 

It  is  unfortunate  that  during  this  period  of  wait¬ 
ing  persons  developing  new  preservatives  are  often 
discouraged  and  look  to  more  lucrative  fields  than 
that  of  wood  preservation.  On  the  other  hand  large 
purchasers  of  treated  wood  should  hesitate  to  take 
the  risk  involved  when  insufficient  evidence  of  satis¬ 
factory  performance  of  a  treated  product  is  at  hand. 

Although  a  satisfactory  shortcut  or  a  substitute 
for  service  tests  has  not  yet  been  developed,  labora¬ 
tory  and  accelerated  field  tests  on  wood  preserva¬ 
tives  are  highly  important  and  useful  tools.  Labora¬ 
tory  tests  must  be  used  for  determining  the  chemical 
and  physical  properties  of  a  potential  preservative. 
Laboratory  toxicity  tests,  soil-block  tests,  and  accel¬ 
erated  field  tests  are  particularly  useful  for  screen¬ 
ing  out  ineffective  materials  and  for  focusing  atten¬ 
tion  on  preservatives  that  show  promise.  In  times 
of  shortage  of  standard  preservatives,  these  tests 
furnish  some  evidence  to  guide  the  wood  user  and 
to  help  him  in  selecting  preservatives  that  are  most 
likely  to  meet  his  requirements. 

Considerable  attention  has  been  given  recently  to 
a  test  program  by  the  U.  S.  Forest  Products  Labora- 

^  Forest  Products  Laboratory,  Forest  Service,  U.  S.  De¬ 
partment  of  Agriculture.  Maintained  at  Madison,  Wis.,  in 
cooperation  with  the  University  of  Wisconsin. 

*  Division  of  Forest  Pathology,  Bureau  of  Plant  Indus¬ 
try,  Soils,  and  Agricultural  Engineering,  Agricultural  Re¬ 
search  Administration,  U.  S.  Department  of  Agriculture  (in 
cooperation  with  the  Forest  Products  Laboratory). 

‘Acknowledgment  is  made  to  F.  L.  Browne  and  Arthur 
Van  Kleeck  of  the  Forest  Products  Laboratory  for  their 
valuable  assistance  in  the  preparation  of  this  paper. 


tory  and  several  cooperators  in  which  the  same  pre¬ 
servatives  are  included  in  coordinated  laboratory 
tests,  accelerated  field  tests,  marine  borer  tests,  and 
a  post  service  test,  (i).*  This  should  furnish  a  good 
opportunity  for  the  correlation  of  the  results  of 
accelerated  and  service  tests. 

It  is  the  purpose  of  this  report  to  call  attention  to 
some  of  the  better  recognized  procedures  used  in 
evaluating  preservatives  through  laboratory  and  field 
tests  of  various  types. 

Laboratory  Tests 

The  extent  to  which  a  wood  preservative  can  be 
expected  to  be  acceptable  from  the  standpoint  of 
meeting  certain  well  recognized  requirements  can  be 
determined  through  several  tests  in  the  laboratory. 
In  order  to  be  generally  useful  a  wood  preservative 
must  (a)  be  toxic  to  the  organisms  that  degrade  or 
destroy  wood,  (b)  have  suitable  permanence,  (c) 
have  satisfactory  penetrating  properties,  (d)  be 
safe  to  handle  and  use,  and  (e)  be  harmless  to 
wood  and  metal.  In  the  case  of  certain  special 
products,  such  as  millwork  or  manufactured  articles, 
the  preservative  may  be  required  to  be  odorless, 
nonswelling,  moisture  repelling,  fire  retardant,  or  to 
have  combinations  of  several  of  these  or  other  prop¬ 
erties.  In  such  cases  it  may  also  be  required  that  the 
preservative  not  discolor  or  interfere  with  the  paint- 
ability  of  the  wood.  The  relative  importance  of  the 
different  requirements  depends  upon  the  character 
of  the  product  treated,  the  purpose  for  which  it  is 
to  be  used,  and  the  conditions  of  service.  The  pre¬ 
servative,  of  course,  must  be  inexpensive  but  this  is 
a  question  of  economics  and  cannot  be  determined 
through  laboratory  tests.  Toxicity  tests,  however, 
may  indicate  whether  or  not  a  material  is  likely  to 
be  costly  on  the  basis  of  the  quantity  necessary  to 
kill  a  test  fungus. 

Permanence 

Since  treated  wood  must  last  many  years  in  order 
to  give  satisfactory  service,  it  is  apparent  that  a  pre¬ 
servative  must  have  a  considerable  degree  of  per¬ 
manence.  No  preservative  is  acceptable  that  evapo¬ 
rates  readily  or  that  otherwise  disappears  in  a  short 
time  from  the  wood  or  changes  chemically  into 
compounds  that  are  ineffective.  Benzene  and  tur¬ 
pentine  are  examples  of  liquids  that  are  toxic  but 
that  evaporate  from  the  wood  too  quickly  to  give 
the  desired  protection.  Complete  resistance  to  evap¬ 
oration,  leaching,  or  chemical  change  is  not  re¬ 
quired,  but  the  rate  at  which  the  preservative  be¬ 
comes  ineffective  must  be  so  slow  that  adequate 

*  Numbers  in  parenthesis  refer  to  citations  listed  at  the 
end  of  this  report. 
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protection  is  afforded  over  a  sufficient  period  of 
time. 

Laboratory  tests  fail  to  include  such  varied  com¬ 
binations  of  factors  as  leaching,  vaporization, 
weathering,  and  chemical  changes  existing  when 
treated  wood  is  used  in  service.  Consequently  there 
is  no  adequate  laboratory  test  for  determining  the 
permanence  of  a  preservative.  Laboratory  tests,  how¬ 
ever,  can  show  the  volatility,  leachability,  and  chem¬ 
ical  stability  of  preservatives  and  thus  be  useful 
tools.  One  laboratory  weathering  test,  to  indicate 
the  relationship  of  toxicity  to  permanence  has  been 
developed  in  which  treated  wood  blocks  are  exposed 
to  a  continuous  cycle  of  passing  through  heat,  mov¬ 
ing  air,  and  fresh  water  (22). 

Volatility — ^The  volatility  or  loss  of  preservative 
by  evaporation  from  the  wood  in  service  is  gov¬ 
erned  largely  by  the  vapor  pressure  of  the  preserva¬ 
tive  at  the  temperature  to  which  wood  in  service  is 
exposed.  Data  on  the  vapor  pressures  of  many 
chemicals  are  not  so  complete  as  may  be  desired, 
but  the  boiling  point  of  most  chemicals  is  known 
and  constitutes  a  fairly  good  index  of  their  vola¬ 
tility  at  ordinary  atmospheric  temperatures.  The 
volatility  of  oils  and  mixtures  of  oils  can  be  studied 
by  making  fractional  distillation  tests  by  the  stand¬ 
ard  distillation  procedure  in  use  for  coal-tar  creo¬ 
sote,  and  comparing  the  results  with  those  obtained 
from  creosote.  With  organic  solids,  determinations 
of  melting  point  and  boiling  point  are  useful,  as 
well  as  behavior  on  continued  heating  at  different 
temperatures.  Inorganic  solids  seldom  are  volatile 
enough  to  give  concern. 

Leachability. — ^When  treated  wood  is  in  contact 
with  the  ground  or  water,  the  preservative  may  be 
gradually  dissolved  out  of  the  wood  by  the  water 
or  soil  chemicals.  No  chemicals  are  absolutely  in¬ 
soluble  in  water,  but  some  have  such  low  solubility 
that  they  leach  very  slowly.  The  toxic  constituents 
of  coal-tar  creosote,  for  example,  have  such  low 
solubility  in  water  and  leach  so  very  slowly  that 
some  creosotes  have  given  protection  to  structural 
timbers  for  periods  greater  than  50  years.  Although 
creosoted  wood  usually  does  not  last  that  long,  its 
ultimate  destruction  is  ordinarily  caused  by  factors 
other  than  leaching.  Even  preservatives  that  are 
readily  soluble  in  water,  if  originally  injected  in 
suitable  quantities,  require  some  years  to  leach  to 
the  point  where  they  no  longer  afford  protection. 
When  preservatives  are  sufficiently  soluble  to  make 
water  solutions  of  satisfactory  strength  for  treat¬ 
ment,  differences  in  their  solubility  are  not  a 
measure  of  resistance  to  leaching.  For  example,  zinc 
chloride  is  soluble  in  water  in  practically  all  propor¬ 
tions  while  the  solubility  of  sodium  fluoride  is  only 
about  4  percent  at  normal  atmospheric  temperatures. 
Yet  the  rate  at  which  they  leach  from  wood  is  very 
similar. 

There  is  no  standard  method  of  making  leaching 
tests,  but  a  common  method  is  to  impregnate  blocks 
of  wood,  submerge  either  the  blocks  or  sawdust 


from  the  blocks  in  water  for  definite  and  repeated 
periods  of  time  and  make  analyses  of  the  leach 
water  to  determine  the  amount  of  leached  chemical 
it  contains  (8,  ii).  Where  complex  chemical  com¬ 
pounds  are  involved  or  where  the  original  preserv¬ 
ative  retention  is  not  definitely  known  it  may  be 
necessary  to  determine  the  preservative  content  from 
samples  of  treated  wood  sawdust  before,  as  well  as 
after  leaching  (9).  With  some  chemicals,  such  anal¬ 
yses  can  be  made  rather  simply  and  accurately. 
Other  chemicals  require  much  more  inconvenience, 
time,  and  expense;  for  some,  satisfactory  methods 
of  analysis  may  not  even  be  available.  On  the  whole, 
comprehensive  and  reliable  leaching  tests  are  both 
expensive  and  time  consuming. 

Chemical  stability. — This  property  of  a  preserva¬ 
tive  in  wood  is  one  of  the  most  difficult  to  measure 
in  the  laboratory.  It  is  sometimes  possible  to  classify 
a  material  as  unpromising  because  of  its  known 
tendency  or  the  tendency  of  chemically  related 
materials  to  decompose  spontaneously  or  to  react 
with  water,  oxygen,  or  carbon  dioxide.  Calcium 
cresylate  for  example,  in  the  presence  of  carbon 
dioxide,  is  converted  to  nontoxic  calcium  carbonate. 
The  fact  that  a  material  reacts  vigorously  with  some 
constituent  of  wood  at  a  high  temperature  leads  one 
to  suspect  that  a  slow  reaction  may  take  place  at 
ordinary  temperatures,  even  though  such  reaction  is 
not  at  once  apparent.  Bombs  immersed  in  hot  water 
and  agitated  have  been  used  to  study  the  effect  of 
oxygen  on  different  types  of  creosote  (25).  There 
are  no  standard  tests  for  chemical  stability  and, 
when  a  special  study  of  this  property  is  required, 
the  methods  of  investigating  it  must  be  selected 
according  to  the  nature  of  the  chemical  under  con¬ 
sideration.  For  example,  sludging,  an  objectionable 
property  of  some  oils,  may  be  measured  through 
laboratory  tests  (i9). 

Penetrability 

Preservatives  must  penetrate  wood  satisfactorily 
in  order  to  be  acceptable.  It  is  not  reasonable  to 
expect  deep  penetration  by  mere  brushing,  or  brief 
immersion,  although  it  would  be  fortunate  if  this 
were  the  case.  Good  penetration  by  such  methods  is 
frequently  claimed  for  new  preservatives,  but,  so 
far  as  is  known,  it  has  not  been  successfully  attained. 
New  preservatives,  however,  should  penetrate  as 
satisfactorily  as  those  in  common  use,  when  applied 
by  pressure  or  by  other  suitable  methods.  The  pro¬ 
tected  zone  must  be  deep  enough  so  that  it  is  not 
easily  broken  through  in  handling  or  by  the  ordi¬ 
nary  wear  and  season  checking  to  which  wood  is 
normally  exposed  in  service. 

Accurate  comparisons  of  the  penetrating  proper¬ 
ties  of  different  preservatives  are  difficult  to  make 
because  of  the  great  variability  of  wood  in  resist¬ 
ance  to  penetration.  Even  in  different  parts  of  one 
face  of  a  piece  of  wood,  the  penetration  frequently 
varies  by  several  hundred  percent.  There  are  also 
wide  differences  in  penetration  in  different  direc- 
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tions  of  the  grain.  End  or  longitudinal  penetration, 
for  example,  usually  averages  more  than  5  times  the 
side  penetration  and  sometimes  is  as  much  as  50 
times  as  great.  End  penetrations  of  15  to  20  times 
the  side  penetration  are  common.  There  is  also  a 
difference  between  side  penetration  across  the 
annual  rings  (radial  penetration)  and  side  penetra¬ 
tion  parallel  to  the  annual  rings  (tangential  pene¬ 
tration),  the  tangential  penetration  being  greater  in 
most  species.  Penetration  usually  is  very  much 
greater  in  sapwood  than  in  heartwood  although 
there  are  exceptions  to  the  rule. 

For  the  foregoing  reasons,  specimens  selected  for 
comparative  penetration  tests  should  be  either  all 
sapwood  or  all  heartwood,  long  enough  to  avoid 
complete  penetration  from  the  ends,  and  of  large 
enough  cross  section  to  allow  separate  measurement 
of  radial  and  tangential  penetration.  They  should 
also  be  closely  matched  so  as  to  be  as  nearly  alike  as 
possible  in  density,  rate  of  growth,  direction  of 
grain,  and  other  characteristics  that  may  influence 
penetration.  When  practicable,  it  is  desirable  to 
make  the  specimens  square  in  cross  section,  with 
two  sides  showing  edge  grain  and  two  sides  show¬ 
ing  flat  grain.  Many  experimenters  and  promoters 
of  new  preservatives  have  deceived  themselves  and 
others  by  failing  to  observe  the  above  precautions. 
Salesmen  also,  by  selection  of  easily  penetrable 
wood  and  dependence  upon  end  penetration  alone, 
sometimes  induce  prospective  customers  to  believe 
that  their  product  has  remarkable  penetrating  prop¬ 
erties. 

It  is  possible,  with  materials  that  are  colored  or 
can  be  made  to  give  color  reactions,  to  make  rough 
comparisons  and  to  learn  whether  the  new  material 
is  significantly  different  in  this  respect  from  those 
in  common  use  (2,  4).  The  depth  of  penetration  of 
creosote  and  other  colored  oils  is  easily  distinguish¬ 
able  upon  cutting  into  or  splitting  open  the  treated 
wood.  Copper  sulphate  and  certain  other  salts  also 
have  sufficient  color  to  be  seen.  Zinc  chloride  and 
sodium  fluoride  are  examples  of  preservatives  that 
are  colorless,  but  whose  presence  can  be  made 
visible  by  spraying  the  treated  surfaces  with  chem¬ 
icals  that  produce  colored  compounds  when  they 
react  with  the  preservative,  or  that  are  colored  them¬ 
selves,  but  are  changed  in  color  by  reaction  with  the 
preservative  in  the  treated  parts  of  the  wood. 

With  colorless  preservatives  for  which  no  color 
tests  have  been  devised,  it  is  difficult  to  obtain  even 
a  good  approximation  of  the  depth  to  which  they 
have  penetrated.  The  addition  of  dyes  to  colorless 
solutions  may  not  give  accurate  indications  of  pene¬ 
tration  because  the  dyes  sometimes  filter  out  or  fail 
to  penetrate  as  far  as  the  preservative. 

The  penetration  of  a  preservative  can  be  deter¬ 
mined  by  quantitative  chemical  analyses  of  sections 
taken  from  a  piece  of  treated  wood  by  beginning  at 
the  surface  and  working  toward  the  center  of  the 
piece.  Such  determinations  are  useful  for  showing 
the  distribution  of  preservative  in  the  wood  but  are 


much  more  costly  than  other  methods  for  determin¬ 
ing  depth  of  penetration.  The  addition  of  radio¬ 
active  isotopes  to  treating  solutions  is  being  studied 
as  a  means  for  quickly  determining  the  penetration 
and  distribution  of  preservatives  in  wood  (5).  The 
similar  use  of  fluorescent  materials  has  received 
some  attention  and  merits  further  investigation. 

A  rough  indication  of  the  probability  of  good 
penetration  can  be  obtained,  for  materials  that  do 
not  react  with  the  wood,  by  a  consideration  of  their 
viscosities  for,  other  things  being  equal,  lower 
viscosities  favor  deeper  penetration. 

Safety  in  Use 

A  preservative  must  not  involve  a  hazard  to  those 
handling  either  the  preservative  or  the  treated  wood. 
Wood  preservatives  are,  by  nature,  toxic  materials, 
but  with  ordinary  precautions  their  use  should  not 
involve  a  danger  or  poisoning.  They  should  also  be 
free  from  danger  of  fire  or  explosion.  With  suitable 
precautions  they  must  not  cause  injury  to  persons, 
animals  and  plants  with  which  they  come  in  contact. 

The  fire  and  explosion  hazard  of  the  preservative 
during  its  preparation  and  storage,  and  during  the 
treatment  and  the  subsequent  handling  of  the 
freshly  treated  wood  can  usually  be  determined 
sufficiently  from  the  composition  of  the  preservative. 
Water  solutions  of  inorganic  salts,  of  course,  usu¬ 
ally  present  no  fire  or  explosion  hazards.  Oils  and 
the  common  organic  solvents  have  fire  and  explo¬ 
sion  hazards  more  or  less  in  proportion  to  their  vol¬ 
atility.  There  are  some  solvents,  of  course,  particu¬ 
larly  those  containing  a  high  proportion  of  chlorine, 
that  are  volatile,  but  do  not  burn  readily,  if  at  all. 

Usually  the  character  of  the  material  will  give 
some  information  as  to  the  probable  health  hazards 
connected  with  its  preparation,  handling,  and  use, 
for  long  experience  in  the  industrial  use  of  chem¬ 
icals  of  various  kinds  has  furnished  much  informa 
tion  of  this  character.  The  possible  toxic  effects  of 
a  wood  preservative  to  humans  and  animals  are 
sometimes  indicated  through  laboratory  toxicological 
tests  on  animals.  Such  tests  help  to  show  the  extent 
to  which  various  quantities  of  chemicals,  in  the 
form  of  a  dust,  vapor  or  liquid,  may  be  swallowed, 
inhaled,  or  absorbed  through  the  skin  without  harm¬ 
ful  effects.  Patch  tests  on  humans  are  useful  for 
showing  if  preservatives  are  likely  to  cause  skin 
irritations.  Tests  for  determining  potential  health 
hazards  should,  of  course,  be  made  by  competent 
specialists  in  this  field. 

Effects  on  Wood  and  Metal 

Preservatives  that  attack  wood  and  seriously  re¬ 
duce  its  strength  are  obviously  unsuitable  for  pro¬ 
longing  its  life.  Corrosiveness  to  metal  is  also  unde¬ 
sirable  for  corrosive  preservatives  damage  the 
treating  apparatus  as  well  as  bolts,  nails,  and  other 
metal  with  which  the  treated  wood  must  be  in  con¬ 
tact  when  in  use. 

Wood  is  resistant  to  attack  by  most  chemicals  and 
is  seldom  damaged  by  preservatives.  Strong  acids 
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and  alkalis  destroy  it  in  time  and  certain  other 
chemicals,  in  concentrated  solution  attack  it.  The 
probability  of  attack  by  a  new  preservative  can  usu¬ 
ally  be  determined  from  its  chemical  composition. 
When  tests  are  necessary,  they  may  be  very  time 
consuming  and  expensive  and  may  have  to  include 
comparative  strength  tests  on  treated  and  untreated 
specimens.  In  the  case  of  plywood,  tests  have  been 
made  to  determine  the  possible  effects  of  preserva¬ 
tives  on  glue  joints  (/^). 

Comparative  corrosiveness  to  metal  can  be  meas¬ 
ured  by  hanging  strips  of  metal  in  containers  of  the 
various  preservative  solutions  maintained  at  constant 
temperature,  and  noting  their  loss  in  weight  from 
time  to  time  (24).  In  such  a  test  the  results  are 
influenced  according  to  whether  the  metal  strips  are 
partially,  alternately  or  completely  immersed.  An¬ 
other  method  is  to  drive  nails  or  screws,  made  of 
the  various  metals,  into  treated  wood,  expose  the 
wood  to  different  moisture  and  temperature  condi¬ 
tions,  and  then  measure  the  amount  of  deterioration 
of  the  metal  by  noting  the  loss  in  weight,  the  depth 
of  corrosion,  or  the  loss  in  strength  (10). 

Fire  Retardance 

Some  wood  preservatives  have  been  developed 
for  use  in  mines  and  other  installations  where  com¬ 
bined  protection  against  fire  and  decay  is  desired. 
-Promoters  of  ordinary  wood  preservatives  often 
claim  fire  resistance  as  one  of  the  attributes  of  their 
products.  The  extent  to  which  a  preservative  changes 
the  resistance  of  wood  to  the  spread  of  fire  can  be 
evaluated  by  several  small  scale  test  methods  the 
following  of  which  are  the  more  commonly  recog¬ 
nized  (1,  29,  52) : 

(a)  Fire-tube  test  (A.S.T.M.  E69-47) 

(b)  Crib  test  (A.S.T.M.  E160-46) 

(c)  Vertical  flame  spread  (modified  Schlyter) 
^■est 

(d)  Horizontal  flame  spread  test  (Federal  Speci¬ 
fication  SS-A-118a) 

These  tests  indicate  any  marked  change  from  the 
performance  of  normal  untreated  wood.  They  do 
not,  however,  reveal  directly  the  ease  of  ignition  of 
the  treated  wood  or  its  resistance  to  charring 
through  or  "heat  penetration”  upon  continued  ex¬ 
posure  to  flame  or  high  temperatures.  No  method 
for  determining  ease  of  ignition  has  as  yet  been 
standardized.  Resistance  to  fire  penetration  can  be 
compared  by  placing  test  specimens  over  a  standard 
flame  or  over  the’ opening  of  a  furnace  maintained 
at  a  definite  temperature  or  temperature  range,  and 
observing  the  time  required  for  the  temperature  of 
the  outer  face  to  rise  a  given  number  of  degrees 
above  its  original  temperature,  or  for  flame  to  show 
through.  The  time-temperature  curve  of  A.S.T.M. 
Standard  EllS)-47  (1)  can  be  used  for  small-scale 
fire-resistance  tests. 

These  small-scale  tests  give  very  useful  indica¬ 
tions  as  to  how  the  treated  wood  compares  with  the 
untreated  and  they  usually  are  sufficient.  When  the 


necessary  apparatus  is  available,  the  tests  need  not 
be  very  expensive  unless  conducted  on  an  elaborate 
scale.  If  more  conclusive  evidence  is  required,  it 
may  be  necessary  to  build  complete  structural  units 
of  treated  and  untreated  wood  and  have  them  tested 
by  larger,  standard  fire  tests,  which  are  compara¬ 
tively  expensive.  Recognized  larger  scale  tests  are 
A.S.T.M.  El  19-47,  Standard  methods  of  fire  tests 
of  building  construction  and  materials  (1),  and 
Underwriters’  Laboratories,  Inc.  fire  hazard  classifi¬ 
cation  test  of  building  materials  (38). 

Paintability 

Painting  properties  of  wood  after  treatment  with 
a  wood  preservative  may  be  impaired  in  one  or  more 
of  four  different  ways.  Oil-borne  preservatives  that 
may  bleed  from  the  wood,  particularly  when 
warmed  or  exposed  to  sunshine,  may  penetrate 
through  the  paint  coating  to  discolor  it  or  dislodge 
the  coating  in  the  form  of  blisters.  Preservatives 
that  contain  colored  substances  soluble  in  the  oils 
of  paint  may  stain  the  coating.  Some  preservatives 
may  retard  the  drying  of  paints.  Still  other  preserva¬ 
tives  may  have  an  adverse  effect  on  the  life  of  paint 
even  if  they  do  not  bleed  or  stain. 

Coal-tar  creosotes  and  similar  oils  may  cause  diffi¬ 
culty  in  any  one  of  the  three  ways  mentioned  above 
(22),  though  creosoted  wood  that  has  been  exposed 
to  the  weather  for  many  months  may  eventually 
become  paintable.  If  so  treated  that  there  is  no  seri¬ 
ous  bleeding,  however,  creosoted  wood  may  be 
painted  with  aluminum  paint  to  present  a  bright 
surface  because  the  flakes  of  aluminum  float  on  top 
of  such  coatings  and  hide  the  staining  of  the  paint 
vehicle.  White  paint  applied  over  aluminum  paint 
may  nevertheless  become  stained.  On  creosoted 
wood  with  rough  surfaces  such  as  sawed  surfaces  it 
is  often  possible  to  get  a  reasonably  durable  white 
coating  by  applying  a  water-thinned  paint  such  as 
exterior  casein  paint  or  resin-emulsion  paint. 

Oil-soluble  preservatives  with  little  or  no  color, 
such  as  pentachlorophenol  and  zinc  naphthenate,  do 
not  themselves  affect  paint  but  the  oils  in  which 
they  may  be  carried  may  do  so  unless  they  are  vola¬ 
tile  enough  to  escape  before  the  painting  is  done. 
Strongly  colored  preservatives  soluble  in  oil,  such  as 
copper  naphthenate,  may  stain  paint  unless  the  pre¬ 
servative  is  made  with  ingredients  that  fix  the  pre¬ 
servative  against  spreading  into  the  coating.  Water- 
repellent  preservatives  that  contain  wax  may  retard 
or  prevent  the  drying  of  finishes  unless  they  contain 
effective  fixatives  for  the  wax. 

Water-soluble  preservatives  such  as  zinc  chloride 
do  not  stain  or  bleed  through  paint  but  they  may 
impair  the  durability  of  the  coating  (26).  Any  pre¬ 
servative  that  discolors  wood  will,  of  course,  seri¬ 
ously  limit  its  usefulness  for  transparent  finishes. 

Tests  on  the  staining  of  paint  can  be  made  by 
applying  paint  to  treated  wood,  in  sawed  and  round 
forms,  and  observing  the  extent  to  which  discolora¬ 
tion  occurs.  Staining  usually  develops  fairly  quickly; 
if  it  does  not  appear  within  a  few  weeks  it  is  not 
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likely  to  occur  later.  Tests  for  bleeding  may  be  made 
in  similar  fashion  except  that  the  specimens  should 
be  exposed  outdoors  to  full  sunshine  or  other  source 
of  heat  likely  to  be  encountered  in  service  and  the 
observations  should  be  continued  for  at  least  one 
full  summer  season. 

Testing  paints  for  durability  on  treated  wood  re¬ 
quires  much  more  elaborate  procedure  and  longer 
time  of  observation.  Matched  specimens  of  wood 
with  and  without  treatment  should  be  carefully  and 
uniformly  painted  with  the  kinds  of  paint  that  will 
be  used  in  service.  A  sufficient  number  of  samples 
given  identical  preparation  are  necessary  to  average 
out  individual  variations.  The  test  specimens  should 
be  suitably  mounted  on  a  test  fence  or  other  appro¬ 
priate  structure  with  the  painted  faces  toward  the 
south,  preferably  in  a  vertical  position.  Observations 
must  be  continued  until  the  paint  coatings  wear  out. 
Details  of  suitable  testing  procedures  are  described 
in  other  publications  {16  17). 

Tests  of  the  effect  of  preservatives  on  the  drying 
of  coatings  should  be  made  on  matched  specimens 
of  treated  and  untreated  wood,  painted  simultane¬ 
ously  and  uniformly,  and  allowed  to  dry  side  by 
side  under  the  same  atmospheric  conditions.  Meth¬ 
ods  are  described  in  detail  elsewhere  (18). 

Water  Repellence 

Water  repellence  is  imparted  to  wood  by  oily  or 
waxy  materials,  particularly  by  hydrocarbon  waxes 
such  as  paraffin.  Materials  that  remain  as  water- 
soluble  substances  in  the  wood  are  not  water  repel¬ 
lent.  Water- repellents  retard  changes  in  moisture 
content  and  in  dimensions  of  wood  but  they  do  not 
prevent  such  changes  or  alter  the  equilibrium  to 
which  wood  will  come  if  kept  long  enough  under 
constant  conditions.  They  greatly  reduce  changes  in 
wood  exposed  to  rapidly  alternating  extremes  of 
dampness  or  dryness  or  exposed  briefly  to  extreme 
conditions  with  longer  intervals  at  average  condi¬ 
tions.  They  are  particularly  effective  against  brief 
soaking  by  water  because  untreated  wood  absorbs 
free  water  rapidly.  The  effectiveness  of  treatment 
with  a  water  repellent  diminishes  as  the  length  of 
exposure  to  extreme  conditions  increases  and  be¬ 
comes  negligible  for  long  intervals  of  exposure  to 
extremes  (34). 

Special  Tests 

Some  properties,  such  as  color  and  odor,  usually 
do  not  require  formal  tests  for  they  can  be  readily 
observed.  The  tendency  of  the  preservative  solution 
to  swell  wood  can  usually  be  deduced  from  the  com¬ 
position  of  the  solution,  but  can  easily  be  tested  by 
noting  whether  swelling  takes  place  when  wood  is 
treated.  Tests  for  other  special  properties,  if  re¬ 
quired,  must  be  devised  according  to  the  specific 
requirements  to  be  met  and  the  general  character  of 
the  material  under  test. 

Biological  Assays 

All  of  the  above  mentioned  properties  might  be 
satisfactory  but  toxicity  is  required  of  all  good  pre¬ 


servatives  in  order  to  make  the  wood  poisonous  to 
the  vatious  organisms  that  might  damage  it.  It 
seems  possible  for  preservatives  to  repel  some  in¬ 
sects  and  marine  borers  without  being  toxic,  but  for 
general  effectiveness,  and  especially  for  protection 
against  fungi,  toxicity  is  necessary. 

During  the  last  fifty  years  many  investigators  have 
determined  the  toxicity  of  chemicals  by  studying 
their  effect  when  mixed  with  an  artificial  culture 
medium.  For  about  twenty-five  years  attempts  have 
been  made  to  use  wood  or  a  wood  product  for  this 
purpose. 

Malt-agar  tests. — In  1915  an  attempt  was  made 
to  standardize  such  tests  (26).  Their  chief  advan¬ 
tages  are  low  cost  and  the  relatively  short  time  re¬ 
quired  for  completion.  In  the  United  States  the 
malt-agar  method  is  most  commonly  used  for  deter¬ 
mining  toxicity  of  wood  preservatives.  It  consists 
of  growing  a  test  fungus  on  malt-agar  culture  media 
containing  different  concentrations  of  the  preserva¬ 
tive  under  test  (37).  With  nonvolatile  materials, 
Petri  dishes  may  be  used  as  containers,  but,  when  it 
is  desired  to  reduce  moisture  losses  during  the  test, 
or  to  prevent  evaporation  and  loss  of  volatile  mate¬ 
rials,  closed  Erlenmeyer  flasks  may  be  employed. 
After  the  culture  media  containing  the  different  con¬ 
centrations  of  preservative  have  been  prepared  and 
poured  into  the  Petri  dishes  or  flasks,  a  small  square 
ef  healthy  mycelium  cut  from  a  specially  grown 
culture  is  planted  in  each  container.  At  sufficiently 
low  concentrations,  the  fungus  will  grow  and  spread 
out  over  the  culture  medium  while  at  higher  con¬ 
centrations  the  fungus  transplant  may  be  killed  by 
the  preservative.  An  intermediate  concentration  may 
be  found  at  which  the  fungus  will  not  grow,  but  at 
which  it  is  not  killed.  This  is  called  the  total  in¬ 
hibition  point.  The  lowest  concentration  at  which 
the  fungus  is  killed  is  called  the  killing  point.  These 
two  values  are  expressed  as  percentages  of  the  con¬ 
centration  of  the  preservative  in  the  culture  me¬ 
dium.  In  working  with  a  new  preservative,  it  is 
often  desirable  to  use  rather  wide  variations  in  con¬ 
centration  in  a  preliminary’  test  to  locate  the  killing 
point  approximately,  and  then  to  determine  it  more 
accurately,  using  smaller  variations  in  concentration 
in  the  vicinity  of  the  approximate  killing  point. 
Since  each  set  of  determinations  requires  a  month 
or  more,  a  complete  series  of  tests  may  extend  over 
several  months. 

The  killing  point  values  obtained  vary  consider¬ 
ably  with  different  species  of  fungi  (36).  For  a 
preliminary  survey,  it  is  often  sufficient  to  use  one 
fungus,  but  in  any  comprehensive  study,  several 
species  should  be  employed.  When  using  only  one 
fungus  in  the  agar-plate  toxicity  test,  the  Forest 
Products  Laboratory  usually  employs  a  special  strain 
of  a  fungus  known  as  Madison  No.  517,  which 
grows  well  in  the  laboratory  and  has  been  found 
very  suitable  for  the  purpose  because  it  is  highly 
resistant  to  many  chemicals. 
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Baechler  (7)  has  described  a  procedure  for  arti¬ 
ficially  aging  creosote  by  bubbling  air  through  the 
preservative  and  then  testing  by  the  agar-flask 
method.  This  procedure  may  furnish  a  means  for 
estimating  the  permanence  of  preservative  oils  as 
well  as  their  toxicity. 

The  results  of  toxicity  tests  must  be  used  with 
caution.  Differences  in  toxicity  are  too  frequently 
assumed  to  be  a  direct  measure  of  the  relative  effec¬ 
tiveness  of  preservatives,  or  to  indicate  the  exact 
quantity  required  per  cubic  foot  of  wood  to  afford 
protection,  neither  of  which  is  correct.  Other  prop¬ 
erties,  especially  permanence,  are  of  equal  or  greater 
importance.  The  most  toxic  preservative  is  value¬ 
less  without  sufficient  permanence  and  comparatively 
low  toxicity  may  be  acceptable  if  permanence,  cost, 
and  other  properties  are  favorable.  Very  high  toxic¬ 
ity,  when  other  properties  are  also  favorable,  indi¬ 
cates  the  possibility  that  low  concentrations  of  the 
toxicant  in  the  preservative  solution,  or  low  net  re¬ 
tentions  of  the  preserving  compound,  may  be  suffi¬ 
cient.  It  is  not  safe  to  risk  the  protection  of  impor¬ 
tant  structures  or  products  upon  this  assumption, 
however,  until  its  correctness  has  been  demonstrated 
by  field  experiments  and  service  records. 

Wood-block  tests. — Many  investigators  prefer  to 
make  toxicity  tests  by  treating  wood  blocks  with 
different  retentions  of  the  preservative  under  test 
and  then  placing  them  in  flasks  on  mats  of  fungus 
growing  vigorously  on  a  nutrient  medium  in  Kolle 
flasks.  Untreated  wood  is  placed  in  each  flask  with 
the  treated  wood,  or  in  separate  flasks,  for  compara¬ 
tive  purposes.  This  so-called  European  standard 
block  test  method  was  adopted  at  a  conference  held 
in  Berlin  in  1930  (28).  As  in  the  agar-plate  method 
it  is  desirable  to  use  several  species  of  fungi.  The 
exposure  is  usually  continued  for  3  or  4  months 
after  which  the  blocks  are  removed,  examined  for 
evidence  of  decay,  then  dried  and  weighed.  The 
amount  of  deterioration  of  the  wood,  as  indicated 
by  loss  in  weight  and  strength,  and  the  concentra¬ 
tion  of  the  preservative  required  to  prevent  growth 
of  the  fungus,  afford  bases  for  comparing  pre¬ 
servatives. 

A  block  test  for  preservative  oils  intended  for  the 
treatment  of  sash  and  millwork  has  been  standard¬ 
ized  (33). 

Soil-block  method. — Investigators  have  sought  to 
improve  the  block  test  procedure.  Leutritz  (27)  in¬ 
troduced  into  the  United  States  a  soil-block  tech¬ 
nique  that  has  been  widely  used.  This  test  involves 
setting  %-inch  cube  test  blocks  on  feeder  blocks  on 
sterilized  garden  top  soil  in  metal  capped  glass  bot¬ 
tles.  The  properly  wetted  soil  has  been  found  to 
provide  moisture  in  amounts  necessary  for  good  de¬ 
velopment  of  the  test  fungi.  Duncan  and  Richards 
(20)  have  modified  the  soil-block  method  to  in¬ 
clude  weathering  of  the  treated  blocks  and  in  so 
doing  have  developed  a  measure  of  permanence  as 
well  as  toxicity.  The  %-inch  cube  test  blocks  of 
longleaf  pine  sapwood  are  conditioned  to  equilib¬ 


rium  moisture  content  at  80°  F.  and  30  percent 
relative  humidity,  weighed  and  then  treated  with  a 
range  of  retentions  of  the  preservative  under  test. 
The  blocks  are  then  exposed,  with  or  without  weath¬ 
ering,  to  two  or  more  test  fungi  after  they  have 
again  come  to  equilibrium  moisture  content  in  the 
conditioning  room.  Fungi  that  are  known  to  de¬ 
stroy  the  product  to  be  protected  are  selected  on  the 
basis  of  their  known  degree  of  inhibition  by  the 
type  of  preservative  to  be  tested.  The  weathering 
consists  of  hanging  the  treated  blocks  strung  on 
nylon  thread  freely  exposed  to  the  weather  for  a 
period  of  60  days  and  conditioning  at  30  percent 
relative  humidity  for  3  weeks,  after  which  they  are 
weighed. 

In  the  meantime  vigorous  cultures  of  the  test 
fungi  have  been  prepared  in  square  8-ounce  bottles 
with  metal  screw  tops.  About  100  grams  of  soil 
(Miami  silt  loam,  with  pH  of  5.6  to  6.0)  are 
placed  in  each  bottle  with  enough  water  to  bring  the 
moisture  content  of  the  soil  up  to  40  percent.  Two 
longleaf  pine  sapwood  feeder  blocks  (3.5  by  2  by 
0.4  cm.)  are  placed  on  top  of  the  soil  side  by  side. 
The  bottles  are  then  loosely  capped  and  autoclaved 
for  30  minutes  at  fifteen  pounds  pressure.  When 
cool  the  feeder  blocks  are  inoculated  with  the  test 
fungus.  These  bottles  are  incubated  at  80°  F.  and 
70  percent  relative  humidity  during  the  three  weeks 
conditioning  period  for  the  test  blocks. 

One  or  two  treated  blocks  of  approximately  the 
same  retention  are  placed  in  each  bottle  on  the 
feeder  blocks,  in  such  a  way  that  they  do  not  touch 
each  other  or  the  sides  of  the  test  bottle.  The  un¬ 
treated  control  blocks  are  placed  in  similar  culture 
jars. 

ITie  bottles  containing  the  test  blocks  are  then 
placed  in  a  r(X)m  with  a  constant  temperature  of 
80°  F.  and  70  percent  relative  humidity  for  12 
weeks.  At  the  end  of  this  time  the  blocks  are  re¬ 
moved  from  the  culture  bottles,  and  the  fungus 
brushed  off.  The  blocks  are  then  reconditioned  to 
constant  weight  at  80°  F.  and  30  percent  relative 
humidity  and  the  final  weights  taken.  These  weights, 
and  those  obtained  immediately  prior  to  placing  the 
blocks  in  the  culture  bottles,  are  used  in  computing 
the  loss  in  weight  due  to  decay. 

In  evaluating  the  results  of  the  test  or  in  deter¬ 
mining  the  retentions  where  decay  is  present  or 
absent,  three  criteria  are  applied  if  possible.  First 
the  blocks  are  carefully  examined  for  visible  decay. 
Second,  the  percentage  losses  in  weight  of  the  blocks 
over  those  that  occurred  in  conditioning  or  weather¬ 
ing  are  determined.  Either  of  these  procedures  when 
used  alone  may  lead  to  the  establishing  of  a  thresh¬ 
old  that  is  too  high  because  it  is  based  on  the  re¬ 
sults  of  one  or  two  blocks.  A  third  method,  strictly 
objective,  makes  use  of  a  series  of  retentions  above 
and  below  the  anticipated  threshold  and  establishes 
a  threshold  by  using  the  results  of  all  the  blocks. 
In  this  the  weight  loss  of  each  block  is  plotted 
against  the  pounds  per  cubic  foot  of  preservative  in 
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the  block  at  the  time  of  treatment.  By  projecting  a 
straight  line  through  those  weight  losses  due  to 
visible  decay  and  one  through  those  due  to  a  loss 
in  chemicals,  the  two  lines  intersect.  The  point  of 
intersection  indicates  the  threshold  or  the  highest 
retention  that  might  be  expected  to  permit  any 
decay. 

In  order  to  use  such  a  graphic  method  of  estab¬ 
lishing  the  amount  of  preservative  required  to  pro¬ 
tect  the  wood  it  is  necessary  to  treat  blocks  with  a 
wide  ra’nge  of  retentions  rather  closely  spaced. 

This  soil-block  test  is  more  costly  and  requires  a 
longer  time  to  complete  than  malt-agar  tests.  It  is 
not  perfect  but  it  has  the  advantage  of  using  wood, 
the  material  the  preservative  is  intended  to  protect 
and  no  artificial  nutrient  is  used.  It  is  felt  that  the 
soil-block  test  shows  promise  of  giving  results  that 
may  be  correlated  with  the  results  of  accelerated  field 
tests. 

Accelerated  Field  Tests 

In  accelerated  field  tests  stakes  of  small  cross  sec¬ 
tion  are  used.  They  have  a  large  ratio  of  surface 
area  to  unit  volume  which  favors  a  more  rapid  loss 
of  preservative  through  leaching,  vaporization  and 
chemical  change  than  occurs  in  full-size  wood  prod¬ 
ucts.  The  stakes  used  in  accelerated  tests  are  made 
up  entirely  of  sapwood  of  an  easily  penetrated  wood 
such  as  southern  yellow  pine.  In  this  way  the  pre¬ 
servative  penetration  is  generally  good,  although 
preservative  distribution  is  different  than  in  the  case 
of  full-size  timbers  which  often  contain  a  high  pro¬ 
portion  of  heartwood  and  are  not  completely  pene¬ 
trated  with  the  preservative.  The  range  of  preserva¬ 
tive  retentions  is  often  narrower  in  a  given  treat¬ 
ment  of  test  stakes  than  in  full-size  wood  products. 
This,  plus  more  uniform  conditions  of  exposure, 
lead  to  good  uniformity  of  results  in  accelerated 
field  tests. 

Stakes  in  accelerated  tests  are  installed  in  plots, 
the  location  of  which  can  be  and  should  be  selected 
to  cover  a  wide  variety  of  soil  and  climatic  condi¬ 
tions  and  thereby  be  closely  representative  of  actual 
service  conditions.  Test  stakes  for  evaluating  pre¬ 
servatives  vary  in  size  although  the  sizes  in  general 
use  in  the  United  States  are  either  %  by  %  inches 
or  2  by  4  inches  (nominal)  in  cross  section.  The 
stakes  are  generally  cut  at  least  18  inches  long  and 
are  set  upright  in  the  ground  to  a  depth  of  ap¬ 
proximately  9  inches.  TTie  stakes  are  set  from  one 
to  three  feet  apart  in  the  plots,  usually  by  a  system 
of  randomization.  The  stakes  of  smaller  size  re¬ 
quire  less  material  and  furnish  quicker  results  than 
the  2  by  4  stakes.  The  larger  stakes,  however,  are 
less  subject  to  loss  and  to  breakage  during  removal 
and  replacement  for  inspection,  and  their  greater 
surface  area  offers  a  better  opportunity  for  inspec¬ 
tion  without  injury  through  picking.  They  also  more 
closely  approach  the  size  of  wood  products  used  in 
construction  than  the  smaller  specimens  do. 

A  standard  method  for  accelerated  tests  with 
%-inch  stakes  has  been  approved  by  the  American 


Wood-Preservers’  Association  and  steps  are  being 
taken  by  that  organization  for  the  development  of 
a  standard  on  2-  by  4-inch  stake  tests  (23).  The 
details  of  the  procedure  used  by  the  Forest  Products 
Laboratory  in  tests  on  2-  by  4-inch  stakes  and  the 
results  of  the  tests  have  been  reported  by  Blew  (I4). 

Since  colonies  of  termites  are  difficult  to  handle 
in  the  laboratory,  field  stake  tests  are  more  useful 
than  laboratory  tests  for  evaluating  preservatives 
against  termites. 

Preservatives  intended  for  marine  use  have  been 
evaluated  in  accelerated  tests  using  either  short  pile 
sections  or  small  wood  panels  of  various  sizes  (23 
31). 

Since  the  final  criterion  for  evaluating  preserva¬ 
tives  is  the  result  they  give  in  actual  use,  those  that 
show  up  well  in  the  accelerated  field  tests  should 
still  be  put  to  the  test  of  actual  use  in  full-sized 
timbers  in  service. 

Service  Tests 

Service  tests  consist  of  a  systematic  study  of  the 
performance  of  full-sized  products  properly  iden¬ 
tified  and  installed  under  conditions  of  actual  use. 
This  includes  exposure  to  natural  conditions  which 
include:  irregular  periods  of  wetting  and  drying, 
freezing  and  thawing,  and  sunlight,  and  should  in¬ 
clude  normal  soil  or  water  conditions  with  the  fungi 
and  insects  or  marine  organisms  as  they  are  present. 
The  products  in  test  should  be  of  normal  size  since 
in  specimens  of  reduced  size  the  surface  area  ex¬ 
posed  per  unit  of  volume  is  proportionately  greater, 
thus  increasing  the  rate  of  leaching  and  weathering. 
The  distribution  of  preservative,  furthermore,  is 
generally  different  in  small  specimens  than  in  those 
of  normal  size  and  form. 

Service  tests  should  not  be  confined  to  one  par¬ 
ticular  location  since  they  are  of  most  value  and 
have  greater  application  when  installed  in  different 
localities  under  a  variety  of  soil,  water,  and  climatic 
conditions.  For  comparison  the  tests  should  include 
untreated  along  with  treated  products,  or  products 
treated  with  older  or  better  known  preservatives. 

The  service  tests  that  are  most  useful  are  those 
that  are  carefully  planned  in  advance.  A  description 
of  the  materials  (wood  products  and  preservatives) 
and  treating  procedures  used,  and  systematic  records 
on  the  installation  and  periodic  inspections  of  the 
test  material  are  highly  important  features  of  a 
service  test.  When  it  is  practicable  to  do  so  it  is 
desirable  to  determine  and  record  the  preservative 
retention  on  the  individual  pieces  in  the  test.  Re¬ 
ports  of  serviceability  based  on  memory  without  a 
background  of  compete  and  accurate  records  are 
not  reliable. 

Service  tests  may  be  used  to  compare  preservative 
treatments  as  well  as  preservatives.  When  designed 
expressly  for  the  purpose  of  making  comparisons  of 
various  preservatives  and  of  different  retentions  of 
the  same  preservative,  however,  the  treatment 
should  be  uniformly  good  and  variables  as  to  species 
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and  characteristics  of  the  wood,  such  as  size,  density 
and  proportion  of  sapwood  should  be  carefully  con¬ 
trolled. 

Much  has  been  published  on  the  subject  of  serv¬ 
ice  test  procedures  and  results.  Ancier  (6)  in  1911 
reported  on  early  service  tests  and  discussed  the  sub¬ 
ject  of  keeping  better  records  of  service  tests  on 
crossties.  Since  that  year  various  committee  reports 
and  papers  have  been  included  in  the  annual  Pro¬ 
ceedings  of  the  American  Wood-Preservers’  Asso¬ 
ciation,  showing  the  results  of  service  tests  on  cross¬ 
ties,  poles,  piling  (marine) ,  posts,  lumber  and  other 
treated  products.  Blew  has  suggested  a  procedure 
for  service  tests  on  posts  as  a  means  of  evaluating 
wood  preservatives  and  treatments  (12)  and  re¬ 
ported  on  the  results  of  a  post  test  designed  for 
comparing  wood  preservatives  (13).  Richards  (33) 
proposed  a  form  for  reporting  service  records  and 
a  special  form  has  been  developed  by  the  Forest 
Products  Laboratory  for  users  to  report  on  the  serv¬ 
iceability  of  treated  structures.  MacLean  (30)  has 
developed,  on  the  basis  of  service  records  on 
127,000  treated  and  untreated  crossties,  a  chart  for 
determining  probable  life  of  railroad  ties.  This 
chart  is  useful  for  predicting  or  estimating  the  aver¬ 
age  life  of  crossties  after  10  percent  or  more  of  a 
group  has  been  replaced.  It  has  also  been  applied  to 
other  products  such  as  poles,  posts,  and  accelerated 
test  stakes  although  the  degree  of  accuracy  with 
such  products  has  not  yet  been  fully  determined. 

Attention  has  been  called  earlier  to  the  time 
factor  as  one  of  the  principal  limitations  of  service 
tests.  The  user  of  service  records  on  treated  wood 
products  is  cautioned  against  placing  undue  empha¬ 
sis  on  tests  involving  a  limited  number  of  items  and 
a  single  installation.  Furthermore,  the  application  of 
the  results  should  not  be  made  to  conditions  differ¬ 
ing  substantially  from  those  used  in  the  test.  It  does 
not  follow  that  treated  poles  installed  in  the  warm, 
moist  areas  of  the  South  will  perform  as  well  as 
poles  similarly  treated  and  installed  in  the  dry 
Rocky  Mountain  states  or  that  crossties,  which  are 
subject  to  severe  mechanical  wear,  will  perform  as 
well  as  similarly  treated  fence  posts  even  though 
both  are  installed  in  the  same  area.  Premature  fail¬ 
ures  can  often  be  explained  by  the  treating  condi¬ 
tions  used  and  a  preservative  should  not  be  con¬ 
demned  on  the  basis  of  a  single  failure.  In  other 
words,  service  tests  are  the  best  means  for  evaluat¬ 
ing  a  preservative  but  they  must  be  interpreted  with 
care  to  avoid  misuse. 

s. 

Conclusions 

While  laboratory  and  accelerated  field  tests  are 
useful  for  evaluating  preservatives  they  do  not  ade¬ 
quately  take  into  consideration  the  combination  of 
exposure  conditions  surrounding  wood  in  service. 
These  tests  cannot  therefore  be  considered  as  a  sub¬ 
stitute  for  the  more  time-consuming  service  tests. 

Precautions  should  be  taken  in  all  tests  conducted 
on  wood  preservatives  and  treated  wood,  to  see  that 


the  test  specimens  and  their  method  of  preparation 
are  such  that  they  give  representative  results. 
Abnormal  retentions,  for  example,  should  be 
avoided  unless  the  character  of  the  test  makes  them 
necessary.  Preservatives  promoted  for  superficial 
application  only  should  not,  ordinarily,  be  applied 
to  the  test  specimens  by  more  thorough  methods. 
The  size  and  shape  of  the  test  specimens  should 
receive  careful  consideration  so  that  excessive  end 
penetration  does  not  lead  to  misleading  conclusions. 
Retentions  used  in  durability  and  permandhee  tests 
should  be  chosen  with  consideration  for  the  reten¬ 
tions  used  or  recommended  for  commercial  practice. 
The  number  of  test  specimens  should  be  sufficient 
to  give  dependable  averages  and,  in  all  other  ways, 
every  care  should  be  taken  to  avoid  reliance  upon 
nonrepresentative  material  or  inadequate  tests. 
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The  Chemical  Composition  of  Eight  Tropical  Woods 
as  Indicated  by  Proximate  Analysis 

Louis  E.  Wise,  Ruth  C.  Rittenhouse,  and  Consuelo  Garcia,  The  Institute  of 
Paper  Chemistry,  Appleton,  Wisconsin 


Composite  samples  of  the  following  uopical  woods  were  submitted  to  quantitative  analyses:  Tabebuia  guayacan. 
Pseudosamanea  guacbapele,  Ocotea  rubra,  Manilkara  bidentata  (from  Puerto  Rico),  Manilkara  bidentata  (from  Suri¬ 
nam),  Cordia  alliodora,  Hytnenaea  courbaril,  and  Licaria  cayenoensis.  These  woods  were  specimens  previously  tested 
physically  at  the  Yale  School  of  Forestry  and  the  present  project  was  an  orienting  study  undertaken  to  supplement  physical 
studies  at  Yale  with  chemical  data.  The  anal^ical  data  including  extraaives,  ash,  nitrogen,  acetyl,  uronic  acid,  xylan,  tan¬ 
nin,  lignin,  methoxyl,  hemicelluloses  and  alpha-cellulose,  following  a  series  of  studies  to  determine  the  best  conditions  for 
such  analyses. 


Scope  of  the  Project 

TUDIES  on  the  physical  properties  of  tropical 
woods  made  for  the  Office  of  Naval  Research  by 
the  School  of  Forestry,  Yale  University,  gave  rise  to 
the  present  project.  Seven  wood  species  which  had 
proved  of  special  interest  from  the  standpoint  of 
physical  properties  and  durability  were  suggested  by 
the  Yale  School  of  Forestry  for  an  orienting  study 
on  chemical  composition  by  The  Institute  of  Paper 
Chemistry.  It  is  known  that  certain  characteristics 
of  a  wood  (such  as  color,  surface  properties,  and  re¬ 
sistance  to  insect  and  fungal  attack) ,  as  well  as  their 
utilization,  are  often  correlated  with  the  presence  of 
certain  chemical  components.  In  the  present  investi¬ 
gation,  following  careful  comminution  and  sampling 
and  some  qualitative  tests,  a  series  of  analyses  were 
carried  out,  applying  the  most  satisfactory  known 
methods  of  quantitative  proximate  analysis.  In  a 
number  of  cases,  a  study  of  possible  modifications  in 
the  anal)^ical  procedures  usually  used  were  made  so 
as  to  meet  the  requirements  of  a  specific  tropical 
wood.  Thus,  a  number  of  analyses  were  purely  ex¬ 
ploratory  and  reference  to  such  orienting  studies  will 
be  made  in  appropriate  sections  of  the  report. 

The  da,ta  obtained  permitted  satisfactory  quantita¬ 
tive  summations  for  the  entire  wood  sample  (within 
the  limits  of  the  precision  of  the  methods).  An 
over-all  picture  of  the  wood  composition  is  thus 
given,  which  shows  clearly  the  gross  differences  ex¬ 
isting  not  only  between  the  various  tropical  species 
but  between  these  woods  and  some  of  our  common 
native  hardwoods.  The  analyses  included  qualitative 
tests  for  the  sugar  units  present  in  the  polysac¬ 
charides  of  each  wood,  for  tannins,  ether-solubles 
and  certain  coloring  matter,  and  for  steam  volatiles. 
The  typical  "Maiile”  color  test  for  hardwood  lignin 
was  also  carried  out.  Following  these,  quantitative 
analyses  were  made  for:  (a)  ash,  (b)  nitrogen, 
(cj  uronic  anhydride  content,  (d)  acetyl  content, 
(e)  pentosans  (calculated  as  xylan  corrected  for 
uronic  anhydride),  (f)  ether-soluble  matter,  (g)  ex¬ 
tractives  soluble  in  cold  50  percent  ethanol,  (h) 
alcohol-benzene  soluble  matter,  (i)  hot  water  ex¬ 
tractives,  (j)  tannin  content,  (k)  methoxyl  contents 
of  unextracted  and  of  extractive-free  wood,  (1) 
"Klason”  lignin  content  (and  percentage  methoxyl 
in  these  lignins),  (m)  methoxyl  not  in  lignin  or  ex¬ 
tractives — "CHj”  values,  (n)  alpha-cellulose  (cor¬ 


rected  for  ash  and  lignin  and  for  residual  uronic 
anhydride  and  xylan),  and  (o)  hemicelluloses  con¬ 
tent.  Finally,  two  series  of  summations  were  made. 

Materials  Used  for  Study 

The  wood  samples  received  from  the  Yale  School 
of  Forestry,  early  in  September,  1949,  were  repre¬ 
sentative  specimens  taken  from  the  same  timbers 
that  had  been  tested  previously  in  the  Yale  labora¬ 
tories  for  the  Office  of  Naval  Research.  The  sample 
numbers  given  by  the  Yale  School  of  Forestry  to  in¬ 
dividual  logs  have  been  retained  and  are  given  in 
brackets.  The  following  woods  were  obtained: 

(I)  Tabebuia  guayacan  ("Guayacan”)  (rep¬ 
resenting  3  logs  from  trees  grown  in 
Honduras)  [82,  83  and  84] 

(II)  Pseudosamanea  guacbapele  ("Frijolillo”) 
(representing  3  logs  from  trees  grown  in 
Honduras)  [79,  80  and  81} 

(III)  Ocotea  rubra  ("Determa”)  (representing 
2  logs  from  trees  grown  in  Surinam) 
[241  and  249] 

(IV)  Manilkara  bidentata  ("Bulletwood”) 
(representing  3  logs  from  trees  grown  in 
^erto  Rico)  [I6l,  162  and  163] 

(V)  Manilkara  bidentata  (representing  1  log 
from  a  tree  grown  in  Surinam)  [242] 

(VI)  Cordia  alliodora  ("Laurel  Blanco”)  (rep¬ 
resenting  3  logs  from  trees  grown  in 
Honduras)  [85,  86  and  320] 

(VII)  Hymenaea  courbaril  ("Courbaril”)  (rep¬ 
resenting  2  logs  from  trees  grown  in 
Honduras)  [103  and  104] 

(VIII)  Ucaria  cayennensis  {"YidinteXhditt”)  (rep¬ 
resenting  1  log  from  a  tree  grown  in 
Surinam)  [243] 

The  test  material  was  received  in  the  form  of 
small  blocks  (either  rectangular  or  irregular  in 
shape)  cut  from  logs  in  the  manner  indicated  on 
page  5  and  Fig.  2  of  the  article  by  Dickinson,  Hess 
and  Wangaard  (6).  The  specimen  blocks  were  air 
dry  and  through  the  courtesy  of  Professor  Wan¬ 
gaard,  the  sapw(X)d  and  heartwood  were  clearly 
marked  and  could  be  differentiated  readily.  Soon 
after  receipt,  each  block  was  measured  and  weighed 
and  the  relative  amounts  of  heartwood  and  sapwood 
were  estimated.  Such  estimates  were  only  approxi- 
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mate  because  of  numerous  irregularly  shaped  speci¬ 
mens. 

Preparation  of  Samples  for  Analysis 

In  no  case  were  attempts  made  to  comminute  or 
to  analyze  heartwood  and  sapwood  separately.  The 
wood  samples  were  reduced  to  meal,  using  first  a 
circular  saw  and  finally  a  Wiley  mill.  Small  samples 
of  the  original  wood  blocks  were  also  retained. 
After  sawing,  the  meal  was  screened  and  that  pass¬ 
ing  a  40imesh  screen  and  retained  tw  a  60-mesh 
screen  was  kept  separately  from  the  finer  portions 
(passing  60  mesh).  The  coarser  wood  particles  (i.e., 
those  larger  than  40  mesh)  were  then  passed 
through  the  Wiley  mill,  and  again  40-60-mesh  par¬ 
ticles  and  "fines”  were  prepared.  In  this  way,  two 
main  samples  for  each  specimen  were  obtained.  At 
all  times,  care  was  exercised  to  prevent  overheating 
at  the  cutting  surfaces. 

In  the  case  of  each  individual  specimen  approxi¬ 
mately  5  percent  of  the  total  40-60-mesh  sample  and 
5  percent  of  the  total  "fines”  were  bottled  and  re¬ 
tained  separately.  The  residual  95  percent  of  the 
40-60-mesh  samples  of  a  specific  species  were  uni¬ 
formly  mixed  and  the  residual  (95  percent)  fines 
of  this  same  species  were  also  uniformly  mixed  to 
give  composite  samples. 

A  specific  example  should  serve  to  make  this 
clear.  In  the  case  of  the  specimens  of  wood  from 
Tabebuia  guayacan,  the  respective  weights  of  the 
40-60-mesh  screened  samples  (from  Nos.  82,  83, 
and  84)  were  625.9,  521.3,  and  558  grams.  The  re¬ 
spective  weights  of  the  "fines”  were  687.3,  662.1, 
and  663.8  grams.  The  amounts  of  40-60-mesh  sam¬ 
ples  used  for  preparing  the  analytical  samples  were 
594,  495.3,  and  530.4  grams;  these  were  thoroughly 
mixed  to  form  a  representative  composite  40^0- 
mesh  sample  for  Tabebuia  (i.e.,  for  the  3  logs  Nos. 
82,  83  and  84) .  Similarly  the  weights  of  the  three 
"fines”  which  were  separately  mixed  were,  respec¬ 
tively,  652.3,  629.1,  and  630.8  grams.  Thus,  for 
each  species,  two  large  representative  composite 
samples  were  prepared. 

One  exception  should  be  mentioned.  The  three 
samples  from  Manilkara  bidentata  from  Puerto  Rico 
(Nos.  l6l,  162,  and  163)  were  mixed  but  kept 
separate  from  the  one  sample  (No.  242)  of  this 
same  species  grown  in  Surinam.  These  woods  from 
the  two  different  countries  were  in  all  cases  sepa¬ 
rately  sampled  and  analyzed. 

Whenever  analyses  could  be  made  on  mixtures  of 
a  40-60-mesh  sample  and  of  fines,  the  composite 
40-60-mesh  specimen  was  mixed  with  the  appro¬ 
priate  composite  fines  in  a  proportion  which  would 
be  approximately  representative  of  the  entire  wood. 
For  example,  in  the  case  of  Tabebuia  (mentioned 
above),  such  a  completely  mixed  sample  (for  Nos. 
82,  83  and  84)  contained  77  grams  of  the  40-60- 
mesh  material  and  92  grams  of  fines.  The  various 
wood  samples  were  stored  in  appropriately  sized, 
well-sealed  Mason  jars,  or  in  smaller  wide-mouth. 


screw-capped  bottles.  Moisture  determinations  (made 
by  heating  weighed  samples  to  constant  weight  at 
105°  C.)  were  made  concomitantly  with  each  analy¬ 
sis.  Throughout  the  course  of  this  study,  moisture 
determinations  showed  only  slight  variations. 

Whenever  samples  required  no  filtrations  during 
the  course  of  an  analysis  (e.g.,  in  a  uronic  acid  de¬ 
termination),  composite  mixed  samples  of  40-60- 
mesh  material  and  fines  were  used. 

It  should  be  noted  that  in  recording  tabulated 
analytical  data,  the  Roman  code  numbers  given  be¬ 
low  will  be  used  in  place  of  the  arabic  numerals 
assigned  to  these  woods  previously.  These  Roman 
numerals  refer  in  all  cases  to  composite  samples. 

(I)  Tabebuia  guayacan 

(11)  Pseudosamanea  guachapele 

(III)  Ocotea  rubra 

(IV)  Manilkara  bidentata  (from  Puerto  Rico) 

(V)  Manilkara  bidentata  (from  Surinam) 

(VI)  Cordia  alliodora 

(VII)  Hymenaea  courbaril 
(VIII)  Licaria  cayennensts 

Orienting  Qualitative  Experiments 

(a)  The  Nature  of  Carbo¬ 
hydrates  in  Tropical  Woods 

Inasmuch  as  the  cell  wells  of  wood  contain  largely 
polysaccharidic  components,  the  sugar  units  enter¬ 
ing  into  such  carbohydrates  are  of  interest.  With 
the  newer  methods  of  paper  partition  chromatog¬ 
raphy,  these  can  now  be  identified  rapidly,  even 
when  they  occur  in  small  amounts  in  wood  hydro- 
lyzates. 

Two-gram  wood  samples,  previously  extracted 
with  50  percent  alcohol  and  hot  water,  were  hydro¬ 
lyzed  at  room  temperature  with  72  percent  sulfuric 
acid  for  several  hours,  diluted  with  water  to  bring 
the  acid  mixture  to  3  percent  concentration,  and 
boiled  for  several  hours  under  a  reflux.’  In  each 
case,  the  boiling  suspension  was  neutralized  cau¬ 
tiously  with  barium  carbonate,  filtered,  the  clear  fil¬ 
trate  acidified  very  slightly  with  acetic  acid,  and 
concentrated  to  a  thin  sirup.  This  was  treated  with 
a  large  excess  of  alcohol  to  precipitate  barium  salts, 
filtered,  and  again  evaporated  to  a  sirup.  Triturations 
with  alcohol,  filtrations,  and  evaporations  were  re¬ 
peated  until  no  further  precipitation  of  alcohol- 
insoluble  salts  occurred.  'The  final  solution  was  then 
submitted  to  paper  partition  chromatographic  anal¬ 
ysis  by  the  method  of  Wise,  Green,  and  Ritten- 
house  {23).  This  technique  had  been  found  useful 
previously  in  showing  the  presence  of  specific  sugars 
in  complex  mixtures,  in  the  hydrolyzates  of  such 
mucilages  as  guar,  arabogalactan,  various  alpha- 
celluloses,  and  kraft,  soda,  and  sulfite  pulps.  The 
technique  used  was  very  similar  to  that  described  by 
Partridge  (20). 

Whatman  No.  1  filter  paper  (the  formation  of 
which  is  satisfactory)  was  used  as  the  stationary 
hase,  the  dimensions  of  the  paper  strips  being  4 
y  22  inches.  The  aqueous  solutions  usually  con- 
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tained  1  percent  (weight/volume)  of  each  of  sev¬ 
eral  sugars.  From  0.5  to  1.0  mg.  of  a  solution  was 
introduced  as  a  circular  spot  on  a  horizontal  line 
ruled  about  8  cm.  from  the  top  of  the  paper  strip. 
When  a  number  of  different  solutions  were  to  be 
tested,  spots  were  kept  about  0.5  cm.  apart  (measur¬ 
ing  from  the  circumference  of  each  spot).  A  mix¬ 
ture  consisting  of  butanol  40  percent,  ethanol  10 
percent,  and  water  50  percent  was  prepared  and, 
after  removing  the  lower  aqueous  layer  (L),  the 
upper  organic  layer  (solvent)  was  placed  in  a  glass 
trough  feeding  the  paper  strip.  The  top  edge  of  the 
strip  carrying  the  sugars  was  then  immersed  in  this . 
solvent  (about  4  cm.  from  the  sugar  spots)  and  the 
strip  was  allowed  to  hang  vertically  inside  a  closed 
vessel  at  the  bottom  of  which  was  placed  the  aqueous 
layer  (L)  referred  to  above.  The  filter  paper  thus 
b^ame  rapidly  saturated  with  vapor  from  phase 
(L).  The  temperature  was  maintained  at  22  to 
24°  C.  and  the  solvent  was  permitted  to  progress 
downward  for  about  16  to  20  hours  (i.e.,  over¬ 
night).  The  lower  solvent  line  was  then  marked  off 
by  a  pencil  line  and  the  strip  freed  from  solvent  at 
100°  C.  The  solvent  front  usually  advanced  about 
22  to  30  cm. 

Depending  on  their  configurations,  the  sugars  mi¬ 
grate  at  different  rates.  After  the  solvent  has  been 
removed,  the  sugar  spots  are  "fixed”  by  brushing 
evenly  and  swiftly  with  a  water-saturated  butanol 
solution  of  aniline  acid  phthalate  and  drying  at 
105°  C.  for  5  to  10  minutes.  The  relative  positions 
of  the  sugars  are  shown  by  brown  spots  in  the  case 
of  the  hexoses  and  purplish  or  pink  spots  in  the  case 
of  the  pentose  sugars.  The  partition  of  the  solute 
takes  place  between  water  bound  by  the  paper  and 
the  solvent  moving  over  its  surface.  The  distance 
which  any  sugar  moves  is  a  function  of  (a)  its  co¬ 
efficient  of  partition  between  water  and  the  wet 
solvent,  (b)  the  volume  of  water  bound  by  unit  area 
of  filter  paper,  and  (c)  the  volume  of  wet  solvent 
held  by  unit  area  of  the  paper  after  irrigation.  The 
two  latter  factors  are  substantially  constant  (assum¬ 
ing  that  the  paper  is  uniform  in  structure,  water  con¬ 
tent,  and  ealiper) .  Under  ideal  conditions,  the  rela¬ 
tive  distance  (termed  Rp)  that  is  traversed  by  each 
sugar  is  dependent  only  on  its  partition  coefficient. 

P  distance  on  the  strip  moved  by  the  sugar 
^  distance  moved  by  the  advancing  front  of 
organic  solvent 

In  these  experiments,  however,  the  of  a  spe¬ 
cific  sugar  was  not  determined.  In  its  place,  the 
sugar  migrations  were  compared  directly  with 
known  sugar  solutions  carried  out  on  the  same 
paper  strip  on  which  the  unknown  samples  were 
chromatographed.  For  example,  when  a  sample  of 
hydrolyzed  wood  was  subjected  to  partition  chro¬ 
matography,  the  results  were  compared  directly  with 
those  given  by  pure  glucose,  mannose,  and  xylose 
solutions  (or  mixtures  of  these).  In  general,  satis¬ 
factory  results  (and  discrete  spots)  were  obtained 


with  sugar  mixtures  containing  as  many  as  four 
sugars.  Less  satisfactory  results  were  obtained  when 
uronic  acids  were  also  present  but  these  were  nor¬ 
mally  removed  as  barium  salts  by  the  alcohol  pre¬ 
cipitation  referred  to  above.  In  each  of  the  eight 
wood  hydrolyzates,  clear  evidence  was  obtained  for 
the  presence  of  large  founts  of  glucose  and  xylose. 
As  expected,  these  were  the  dominant  sugars.  How¬ 
ever,  there  was  also  evidence  that  mannose  was 
present  in  very  subordinate  amounts.  This  was  con¬ 
firmed  in  the  case  of  each  of  the  eight  woods  by  the 
formation  of  the  typical  insoluble  mannose  phenyl- 
hy dr  ozone  (melting  with  decomposition  at  193- 
200°  C,  depending  on  the  purity  of  the  sample). 
In  no  case  did  the  amount  of  mannose  warrant  a 
quantitative  determination,  the  accuracy  of  which 
(as  experience  has  shown)  leaves  much  to  be  de¬ 
sired.  The  fact,  however,  that  small  amounts  of 
mannose  residues  were  present  in  these  angiosperms 
is  in  harmony  with  previous  findings  on  other 
native  woods  [cf.  Wise,  Ratliff,  and  Browning 
(24)]. 

By  using  much  larger  samples  of  the  eight  woods 
and  by  employing  far  milder  hydrolytic  treatments, 
it  was  possible  to  explore  the  wood  carbohydrates 
somewhat  further.  In  this  case,  2  5 -gram  samples, 
pre-extracted  repeatedly  with  50  percent  alcohol 
and  washed  with  cold  water,  were  used.  Hydrolyses 
with  0.01  N  sulfuric  acid  over  an  eight-hour  period 
gave  a  solution  which,  when  neutralized,  concen¬ 
trated,  and  treated  in  the  usual  manner,  and  chro¬ 
matographed,  showed  the  typical  pink  arabinose 
chromatogram  for  each  of  the  eight  samples  exam¬ 
ined. 

The  woody  residues  remaining  from  these  mild 
hydrolyses  were  in  every  case  hydrolyzed  further 
for  eight  hours,  by  refluxing  with  O.i  N  H2SO^. 
Chromatograms  of  these  hydrolyzates  showed  not 
only  the  typical  arabinose  spots  but  xylose  spots  as 
well,  evidences  of  an  unidentified  disacchariae,  and 
slight  traces  of  galactose.  The  solution  used  in  these 
later  chromatograms  was  40  percent  butanol,  10 
percent  glacial  acetic,  and  50  percent  water. 

Summarizing  these  chromatographic  data,  the 
purified  wood  hydrolyzates  contained  in  decreasing 
order  of  magnitude  the  following  components: 
D-glucose  >  D-xylose  >  D-mannose  >  L-arabi- 
nose  >  D-galactose.  In  no  cases  were  quantitative 
determinations  of  arabinose  or  galactose  warranted, 
and  the  amounts  were  too  slight  to  obtain  confirma¬ 
tion  by  the  preparation  of  chemical  derivatives. 

(b)  Qualitative  Tests  for  Tannins 

Approximately  0.5  gram  of  each  air-dried  wood 
meal  "fines”  was  treated  in  a  test  tube  with  4  cc.  of 
water  and  heated  10  minutes  in  a  boiling  water 
bath.  One  drop  of  4  percent  HCl  was  added  and 
the  mixture  treated  with  another  4  cc.  of  water  and 
filtered.  To  2.5  cc.  of  the  filtrate  was  added  0.5  cc. 
of  a  standard  gelatin  solution  (containing  1  percent 
gelatin  and  10  percent  sodium  chloride).  Precipi- 
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tation  indicated  the  presence  of  tannins.  The  results 
are  shown  in  Table  1. 

Table  1. — Qualitative  Test  for  Tannins 


Wood  Test  for  tannins 

(I)  Tabebuia  guayacan _  Negajive 

(II)  Pseudosamanea  guachapele _  Negative 

(V)  Manilkara  bidentata  (Snuazm) _  Positive 

(IV)  Manilkarabidentata{Puetto  Rico)  Positive 

(III)  Ocotea  rubra _  Negative 

(VII)  Hymenaea  courbaril _  Positive 

(VI)  Cordia  alliodora _  Negative 

(VIII)  Ucaria  cayennensis _  Positive 


In  no  cases  were  the  tannin  tests  heavy. 

(c)  Qualitative  Tests  for  Ether 
^lubility;  Identification  of  Lapachol 

Small  wood  samples  were  warmed  with  ether  but 
only  in  the  three  following  woods  were  appreciable 
amounts  of  ether  extractives  obtained:  Tabebuia 
guayacan,  Pseudosamenea  guachapele,  and  Ocotea 
rubra.  As  a  result,  quantitative  ether  extractions 
were  made  only  in  the  case  of  these  woods  and 
these  data  are  given  in  a  subsequent  section. 

The  ether  extract  from  Tabebuia  guayacan  was 
deep  yellow.  When  this  ether  extract  was  shaken 
with  dilute  aqueous  sodium  carbonate,  a  portion  of 
the  coloring  matter  entered  the  aqueous  layer  giving 
a  deep  red  solution.  On  acidification  with  hydro¬ 
chloric  acid,  the  alkaline  solution  yielded  a  yellow 
solid  which  was  filtered  and  washed  with  water. 
The  material,  when  recrystallized  from  aqueous 
alcohol,  melted  at  138-138.5°  C.  An  authentic 
sample  of  lapachol,  obtained  through  the  courtesy 
of  Dr.  L.  F.  Fieser  of  Harvard  University,  melted 
at  138.5-139.3°  C.  The  mixture  melted  at  138.5- 
139“,.  thus  indicating  clearly  that  this  coloring 
matter  was  lapachol.  The  presence  of  this  pigment 
had  been  reported  previously  in  Tabebuia  (1.5). 
The  yellow  pigment  remaining  in  the  ether  solution 
after  alkaline  extraction  remains  unidentified. 

(d)  Tests  for  Starch 

Aqueous  extracts  of  the  eight  woods  were  pre¬ 
pared  by  boiling  small  samples  of  the  woods  with 
water,  followed  by  filtration.  The  cooled  clear  fil¬ 
trate  was  in  each  case  tested  with  a  dilute  aqueous 
solution  of  iodine  in  potassium  iodide.  A  typical 
positive,  deep  blue  coloration  for  starch-iodide  was 
given  by  the  following  woods:  Hymenaea  courbaril, 
Ocotea  rubra,  Cordia  alliodora,  Tabebuia  guayacan 
(slight),  Pseudosamanea  guachepele.  The  two  sam¬ 
ples  of  Manilkara  bidentata  and  Licaria  cayennensis 
did  not  show  the  presence  of  starch. 

(e)  Steam  Volatiles 

The  woods  of  Cordia  alliodora  and  Ucari  cay- 
mnensis  had  pleasant  odors.  That  of  Ocotea  rubra 
showed  a  marked  discrepancy  between  the  amount 
of  50  percent  alcohol-soluble  extractives  obtained 
by  direct  weighing  and  that  found  by  loss  in  weight 
(cf.  section  on  extractives).  Steam-volatile  sub¬ 
stances  were  suspected,  and  2  5 -gram  samples  of 
each  of  these  woods  were  distilled  with  steam.  The 


Cordia  alliodora  gave  a  very  small  amount  of  vola¬ 
tile  oil  which,  after  extraction  with  ether  and  evap¬ 
oration  of  the  ether,  left  a  brownish,  viscous  liquid 
(which  had  evidently  lost  some  of  the  more  vola¬ 
tile,  odoriferous  components).  Ucaria  gave  only 
very  slight  amounts  of  a  volatile  oil  with  a  faint 
odor.  Ocotea  rubra  also  yielded  some  steam-volatile 
component  which,  however,  appeared  to  be  largely 
soluble  in  water.  The  steam  distillate  when  ex¬ 
tracted  with  ether,  followed  by  evaporation  of  the 
ether,  gave  a  nearly  colorless,  viscous  oil  in  very 
small  amounts.  Neither  of  these  three  volatile  com¬ 
ponents  were  investigated  further,  nor  were  any 
other  woods  subjected  to  steam  distillation.  Inas¬ 
much  as  the  extractive  contents  of  these  other  woods 
determined  by  direct  weight  were  seldom  much 
lower  than  that  determined  by  loss  in  weight,  it 
was  obvious  that  very  little  easily  volatile  material 
could  have  been  present. 

(f)  The  Modified  Maiile 
Reaction  (17)  for  Syringyl  Groups 

This  reaction  furnishes  a  chemical  means  of  dif¬ 
ferentiating  between  the  wood  of  angiosperms  and 
that  of  gymnosperms.  It  depends  on  the  presence  of 
syringyl  groups  in  the  lignin  of  hardwoods,  and 
their  absence  in  that  of  the  conifers.  When  shaken 
with  chlorine  water  for  a  few  minutes,  followed  by 
treatment  with  aqueous  sodium  sulfite,  hardwoods 
give  a  brilliant  cerise  coloration;  softwoods  give  a 
nondescript  orange  to  brown  color.  All  samples  of 
tropical  woods  yielded  the  bright  cherry-red  colora¬ 
tion. 

Ash  Determinations 

In  all  cases,  composite  samples  representative  of 
the  entire  wood  were  used.  Thus,  both  coarse  and 
fine  particles  were  included  in  the  sample.  The 
weighed  samples  were  charred  very  carefully  so  as 
to  prevent  naming  and  then  heated  to  constant 
weight  in  a  muffle  furnace  at  dark  red  heat  (about 
650-750°  C).  The  results  (averages  of  duplicate 
or  triplicate  determinations)  are  given  in  Table  2. 

Table  2. — Ash  in  Tropical  Woods 
(Unextracted,  ovendry  basis) 

Ash 
percent 
-  0.33 
.  0.58 

III  _ 0.19 

IV  _ 0.695 

V _ 0.365 

VI _ 0.98 

VII _ 0.85 

VIII _ 0.025 

With  two  exceptions,  these  values  fall  within  the 
usual  range  of  mineral  components  found  in  hard¬ 
woods  native  to  the  Unitea  States  (J.5).  That  of 
VI  {Cordia  alliodora)  is  somewhat  higher  than 
usual.  That  of  VIII  (Licaria  cayennensis)  is  far 
below  that  found  in  any  of  our  native  woods,  and 
represents  an  ash  content  which  is  surprisingly  low 
for  any  type  of  plant  tissue. 


Wood 
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Nitrogen  Determinations 

The  original  (nnextracted)  wood  samples  (using 
a  mixture  of  fines  and  40-60-mesh  sawdust)  were 
analyzed  for  nitrogen  by  Ma  and  Zuazaga’s  modifi¬ 
cation  of  a  micro-Kjeldahl  procedure  (16).  In  the 
final  phase  of  the  determination,  ammonia  (formed 
during  the  digestion)  was  distilled  into  a  4  percent 
boric  acid  solution  containing  a  mixture  of  Bromo- 
cresol  green  and  Methyl  red.  The  solution  was  then 
titrated  with  0.05  N  HCl  to  a  definite  pink.  Con¬ 
trols  were  run  on  all  reagents.  Table  3  gives  the 
duplicate  (or  triplicate)  nitrogen  values. 

Table  3. — Nitrogen  Content  of  Tropical  Woods 
(Unextracted,  ovendry  basis) 


Nitrogen 

Wood  percent 

I _ 0.27,0.28 

II _  0.27,0.26,0.24 

III  _ 0.08,0.08 

IV  _ 0.07,0.08 

V _ 0.07,0.06 

VI  _ 0.32,0.31 

VII  _ 0.23,0.21 

VIII _  0.20,0.20,0.18 


With  the  possible  exception  of  specimens  I,  II, 
and  VI,  these  values  fall  within  the  usual  range  of 
our  native  hardwoods.  Presumably  the  nitrogen  in 
these  woods  is  due  principally  to  the  proteins  in  the 
dried  protoplasm.  The  presence  of  alkaloids  is  not 
excluded  but  no  tests  for  these  have  been  made. 


Table  4. — Uronic  Anhydride  Content  of 
Tropical  Woods 

(Unextracted,  ovendry  basis) 


COa  Uronic  anhydride 

Wood  percent  percent 

I  _  1.205  4.82 

II  _  1.20  4.80 

III  -  0.95  3.80 

IV  _  1.065  4.26 

V _  1.06  4.24 

VI  _  1.46  5.84 

VII _  1.25  5.00 

VIII _  0.86  3.44 


formed,  acetic  acid  predominates,  and  the  volatile 
acids  content  of  a  wood  is  usually  reported  as  "acetic 
acid”  or,  more  frequently,  as  "percentage  acetyl.” 
The  method  used  in  this  determination  is  essentially 
that  of  Freudenberg  and  Harder  (10).  The  acetyl 
groups  are  split  off  and  immediately  esterified  with 
ethanol  in  the  presence  of  />-toluenesulfonic  acid. 
The  e*ster  (ethyl  acetate)  is  distilled,  caught  quan¬ 
titatively  in  a  suitable  receiving  flask,  and  subse¬ 
quently  saponified  with  standard  0.2  N  sodium  hy¬ 
droxide,  the  excess  of  which  is  back  titrated  with 
0.2  N  sulfuric  acid. 

Inasmuch  as  the  original  acetyl  groups  are  asso¬ 
ciated  largely  with  the  polysaccharides  of  wood,  it  is 
believed  that  they  are  chemically  bound  to  the  wood 
hemicelluloses  (presumably  the  xylans).  Table  5 
gives  the  acetyl  values  (on  the  basis  of  oven-Hn>d, 


The  Uronic  Anhydride  Content 

All  woods  contain  uronic  acids  in  polymerized 
form.  These  may  be  present  either  in  the  hemi¬ 
celluloses  or  as  pectic  materials  in  the  wood. 

The  method  used  for  their  determination  was 
that  of  Browning  (.5).  This  depends  on  the  prin¬ 
ciple  that  uronic  acids  or  polyuronides,  when  dis¬ 
tilled  with  12  percent  hydrochloric  acid  saturated 
with  sodium  chloride  at  137-140®  C.,  are  quanti¬ 
tatively  decarboxylated.  Nitrogen  is  used  to  flush 
out  the  carbon  dioxide,  which  is  freed  completely 
from  simultaneously  generated  furfural,  by  passage 
through  a  trap  containing  phosphoric  acid  and  silver 
phosphate.  The  carbon  dioxide,  after  passing 
through  a  drying  tube  containing  Anhydrone,  is 
absorbed  quantitatively  in  an  absorption  tube  con¬ 
taining  Ascarite  (with  an  auxiliary  layer  of  Anhy¬ 
drone  to  absorb  moisture).  Suitable  guard  tubes  are 
provided  at  either  end  of  the  train.  The  weight  of 
carbon  dioxide,  multiplied  by  four,  gives  the  weight 
of  uronic  acid.  In  general  two-gram  samples  of 
wood  (mixtures  of  fines  and  40-60-mesh  meal) 
were  used.  The  results  are  given  in  Table  4. 

The  results,  which  are  the  averages  of  closely 
agreeing  duplicate  determinations,  fall  within  the 
usual  range  found  for  native  hardwoods  (2,  23). 

Acetyl  Content 

Woods  invariably  contain  acyl  groups  which,  on 
hydrolysis,  are  converted  into  volatile  organic  acids. 
Although  small  amounts  of  formic  acid  may  be 


Table  5. — Acetyl  Content  of  Tropical  Woods 


Wood 

I 

II 

III 

IV 
V 

VI 

VII 
VIII 


(Unextracted,  ovendry  basis) 

Acetyl 

percent 

_  1.1 

_ 1.5 

_ 0.81 

_ 1.3 

_ 1.1 

_ 1.3 

_ 2.2 

_ 0.76 


unextracted  wood).  With  the  exception  of  VII, 
these  percentages,  as  compared  with  those  of  our 
native  hardwoods,  are  quite  low,  those  of  III  and 
VIII  being  unusually  low.  In  contrast,  two  of  the 
native  oaks  (Quercus  rubra  and  Q.  lyrata)  analyzed 
at  the  Institute  contained,  respectively,  3.0  and  2,45 
percent  acetyl,  and  a  sample  of  aspen  (Populus  sp.) 
contained  3.3  percent  acetyl.  Freeman  and  Peterson 
(8),  who  made  summative  analyses  of  aspen,  beech, 
maple,  birch,  and  fire  cherry,  reported  acetyl  values 
of  4.9  to  8.79  percent.  Inasmuch  as  there  is  often 
a  correlation  between  the  acetyl  content  and  the 
xylan  content,  low  xylan  values  might  well  be  ex¬ 
pected  in  many  of  these  woods.  As  indicated  in 
another  section,  this  is  actually  the  case. 

Pentosans;  Estimation  of  the  Xylan  Content 

Preliminary  chromatographic  data  indicated  that 
all  eight  woods  contained  appreciable  amounts  of 
xylans  and  only  subordinate  amounts  of  arabans. 
Peqtosans  in  each  wood  (containing  a  mixture  of 
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fines  and  40-60-mesh)  were  converted  into  furfural 
by  distilling  with  12  percent  hydrochloric  acid 
under  standardized  conditions.  Furfural  was  then 
determined  as  the  phloroglucide  (4).  From  the 
weight  of  phloroglucide,  the  pentosan  content  was 
calculated  by  the  use  of  Krober’s  tables  (14). 

Inasmuch  as  uronic  acids  and  polyuronides  also 
yield  a  certain  amount  of  furfural  when  distilled 
with  hydrochloric  acid  under  the  conditions  used  in 
the  pentosan  determination,  suitable  correction 
should  be  made  for  this  additional  furfural.  Any 
such  correction,  however,  is  only  proximate.  Empir¬ 
ical  corrections  were  applied  and  the  corrected 
phloroglucide  values  were  then  converted  into  the 
corresponding  xylan  values. 

Corrected  xylan  values  were  arrived  at  by  the  fol¬ 
lowing  calculations.  The  weight  of  pentosans  (in 
mg.)  corresponding  to  1  gram  of  ovendry  wood 
was  converted  (by  use  of  Krober’s  tables)  into  the 
corresponding  weight  of  furfural  phloroglucide. 
This  weight  is  termed  (A).  The  weight  of  carbon 
dioxide  (in  mg.)  generated  in  the  uronic  acid  deter¬ 
mination  corresponding  to  one  gram  of  ovendry 
wood  was  then  multiplied  by  the  empirical  factor 
1.47,  giving  (B),  the  corresponding  number  of 
milligrams  of  furfural  phloroglucide  from  the  fur¬ 
fural  generated  by  the  uronic  acid  groups  in  the 
wood.  Then  (A)  minus  (B)  equals  the  corrected 
weight  of  furfural  phloroglucide  due  to  the  pento¬ 
sans  alone.  Table  6  contains  both  the  uncorrected 
percentages  of  pentosan,  and  the  corrected  xylan 
values  in  the  eight  wood  samples.  It  will  be  noted 
that  these  differences  are  significant. 


Table  6. — Uncorrected  Pentosan  and  Corrected 
Xylan  Content  of  Tropical  Woods 

(Unextracted,  ovendry  basis) 


Pentosan 

Xylan 

Wood 

percent 

percent 

I _ 

-  _ 16.15 

13.2 

II _  - 

_ 17.3 

14.3 

III  _  - 

_  _  14.15 

11.7 

IV _ 

_ 18.6 

15.6 

V  __  _ 

_  17.65 

14.75 

VI _ 

—  _ 17.55 

14.2 

VII _  - 

-  -  19.3 

16.1 

VIII _ 

—  _ 13.5 

11.25 

Krober  (i4)  assumed  that  the  pentosans  of  plant 
tissues  contained  equal  amounts  of  xylan  and 
araban.  This  was  a  purely  formal  concept.  Experi¬ 
ence  has  shown  that  this  is  never  true  for  woods 
and,  hence,  the  corrected  xylan  figure  is  much  more 
nearly  correct  than  would  be  even  a  corrected  pen¬ 
tosan  value  derived  from  Krober’s  calculations.  The 
small  amount  of  arabinose  units  present  in  these 
woods  should  have  but  an  insignificant  effect  on 
these  xylan  values. 

With  the  possible  exception  of  VII  {Hymenaea 
courbaril),  the  tropical  woods  contained  less  pento¬ 
sans  than  do  most  of  our  native  angiosperms.  (In 
very  few  cases  have  the  corrected  xylan  calculations 
been  made  after  a  pentosan  determination.)  A  few 
comparative  pentosan  data  on  native  hardwoods 


(given  on  the  ovendry  basis)  follow:  quaking  aspen 
18.8  percent;  big  tooth  aspen  23.3-23.7  percent; 
yellow  birch  22.^26.8  percent;  paper  birch  21.8- 
28.7  percent;  American  elm  16.2  percent;  white  ash 
19.85-20.2  percent;  white  oak  21.7-23.25  percent; 
sugar  maple  22.8  percent;  basswood  16.6  percent. 
The  data  given  above  are  taken  largely  from  those 
furnished  by  the  Forest  Products  Laboratory  (21), 
together  with  a  few  analyses  made  by  Freeman  and 
Peterson  (8). 

Extractives 


The  term  "extractives”  refers  to  those  compo¬ 
nents  of  a  wood  which  can  be  removed  by  the  use 
of  neutral  organic  solvents  or  by  water.  Often  <ex- 
tractives  serve  to  characterize  a  wood  (and  some¬ 
times  a  family  or  species).  They  are  not  parts  of 
the  cell  wall.  Extractives  may  impart  a  characteristic 
color,  odor,  resistance  to  insect  or  fungal  attack, 
toxicity,  flammability,  etc.  to  a  specific  wood  and 
they  may  influence  the  chemical  or  even  physical 
utilization  of  a  species. 

Neutral  solvents  are  incapable  of  removing  all  the 
noncellular  components  and  certain  amounts  of  ex¬ 
traneous  materials  undoubtedly  remain  trapped  in 
the  minute  capillaries  of  the  wood,  even  after  what 
appears  to  be  an  exhaustive  extraction.  Thus,  most 
woods  are  far  from  colorless  even  when  thoroughly 
extracted.  However,  the  amounts  of  such  extraneous 
(unextractable)  materials  are  usually  relatively  small 
and  do  not  seriously  vitiate  a  summative  wood  anal¬ 
ysis.  Nevertheless,  their  presence  should  not  be  dis¬ 
counted. 

Extractives  may  be  determined  in  one  of  two 
ways.  The  extract  from  a  specific  solvent  may  be 
dried  and  weighed  directly,  or  it  may  be  found  by 
difference,  by  determining  the  loss  in  weight  of  a 
wood  sample  after  extraction.  (In  the  latter  case, 
due  account  must  also  be  taken  of  the  moisture  in 
the  wood  sample.)  Both  methods  have  been  applied 
in  the  present  study,  and  the  over-all  summations  in 
Table  7  give  total  extractives,  determined  by  either 
method. 


In  all  quantitative  extractions,  40-60-mesh  wood 
samples  were  used.  Only  three  woods  (I,  II,  and 
III)  were  extracted  with  ether.  These  extractions 
were  made  in  a  Soxhlet  extractor  using  approxi¬ 
mately  5  grams  (accurately  weighed)  air-dried 
wood.  Extractions  were  continued  imtil  the  ether 
extracts  were  colorless  (or  until  they  no  longer 
yielded  residues  on  evaporation).  Ether  extracts 
were  evaporated  to  dryness  carefully  and  then  dried 
to  constant  weight  at  60-70®  C.  The  ether  solubility 
was  checked  by  weighing  the  air-dried  wood  residue 
remaining  after  extraction,  determining  the  mois¬ 
ture  content,  and  correcting  for  water.  Thus,  the 
ether  extractives  were  determined  both  by  direct 
weight  and  by  loss  in  weight  as  indicated  in  Table 


General  Discussion 


Ether-Soluble  Matter 


CHEMICAL  COMPOSITION  OF  EIGHT  TROPICAL  WOODS 


245 


7.  The  two  sets  of  determinations  gave  results  that 
were  nearly  identical. 

Cold  50  Percent  Ethanol  Extractives 

The  wood  residues  from  the  ether  extractions  (in 
the  case  of  I,  II  and  III)  and  the  original  40-60- 
mesh  wood  samples  (in  all  other  cases)  were  sub¬ 
mitted  to  extraction  at  room  temperature  with  50 
percent  alcohol.  Five-gram  samples  in  150  ml.  50 
percent  ethanol  were  allowed  to  stand  24  hours  at 
27°  C.  with  frequent  shaking  in  a  glass-stoppered 
Erlenmeyer  flask.  The  contents  of  each  flask  was 
then  decanted  quantitatively  through  a  glass  Soxhlet 
thimble,  and  the  flasks  and  residues  washed  with 
50  percent  alcohol.  The  wood  residues  were  then 
air-dried,  transferred  quantitatively  into  the  original 
Erlenmeyer  flasks  and  re-extracted  with  fresh  50 
percent  alcohol.  This  filtered  extract  was  added  to 
the  original  filtrates.  Similarly,  50  percent  alcoholic 
extractions  were  continued  until  the  extracts  were 
practically  colorless.  The  final  wood  residues  were 
filtered,  washed  with  ether,  and  again  air  dried. 
The  combined  extracts  and  washings  were  evapo¬ 
rated  to  dryness  (finally  in  a  suitable  weighing 
bottle)  and  dried  to  constant  weight  at  60-70°  C. 
In  most  instances,  the  direct  weights  were  checked 
by  determining  the  percentage  loss  in  weight.  As 
indicated  in  Table  7,  only  in  the  case  of  III  {Ocotea 
rubra)  and  VI  {Cor dm  alUodord)  were  results  ob¬ 
tained  by  the  two  methods  significantly  different. 
Both  of  these  woods  contained  steam-volatile  mate¬ 
rials,  which  were  evidently  lost  when  the  alcohol- 
soluble  extracts  were  evaporated  to  dryness. 

Alcohol-Benzene  Soluble  Matter 
The  air-dried  wood  residues  from  the  alcohol 
extractions  were  extracted  in  a  Soxhlet  with  a  mix¬ 
ture  of  1  part  of  alcohol  and  2  parts  of  benzene. 
As  usual,  the  extract  was  evaporated  to  dryness  and 
weighed.  As  indicated  in  Table  7,  extractives  ob¬ 
tained  by  the  use  of  this  solvent  mixture  were  usu¬ 
ally  slight,  indicating  that  the  50  percent  alcohol 
had  removed  most  of  those  extractives  usually  re¬ 
moved  by  alcohol-benzene.  When  the  extraction  was 
complete,  the  wood  residues  were  washed  with 
anhydrous  ether  and  air  dried.  In  only  two  instances 
were  the  extractives  found  by  direct  weighing 


checked  by  determining  the  corresponding  loss  in 
weight.  In  few  of  these  determinations  was  it  pos¬ 
sible  to  obtain  good  precision  and  the  results  are 
highly  proximate. 

Hot  Water  Extractives 

The  wood  residues  from  the  alcohol-benzene  ex¬ 
tractions  were  transferred  quantitatively  to  appro¬ 
priate  Erlenmeyer  flasks  provided  with  air  con¬ 
densers,  and  heated  1  hour  on  a  steam  bath  with 
200  ml.  of  boiling  water.  The  solutions  were  filtered 
quantitatively  and  the  residues  retreated  with  hot 
water.  The  extractions  were  repeated  until  the  water 
extracts  were  nearly  colorless.  All  water  extracts  and 
washings  were  combined,  evaporated  to  dryness,  and 
dried  to  constant  weight  at  60-70°  C.  The  wood 
residues  were  dried  to  constant  weight  at  100°  C. 
From  these  final  "extractive-free”  wood  residues  it 
was  possible  to  calculate  the  total  extractives  lost 
during  the  successive  operations. 

Table  7  gives  a  summary  of  the  data  on  extrac¬ 
tives.  A  comparison  of  the  over-all  results  obtained 
by  summation  of  the  weighed  dried  extracts  and  by 
the  total  loss  in  weight  is  shown  in  the  last  two 
columns  of  the  table.  With  the  exceptions  of  woods 
III  and  VI,  the  agreement  is  satisfactory. 

The  ether  extractives  (although  not  examined 
further)  may  have  included  essential  oils,  resins, 
waxes,  sterols,  and  fixed  oils  and  certain  coloring 
matters  (like  lapachol).  The  most  interesting  ether 
extract  was  that  of  III  {Ocotea  rubra)  which  was  a 
partially  crystalline  waxy  solid.  The  50  percent  alco¬ 
holic  extracts  contained  tannins  (when  there  were 
present)  and  coloring  matters.  The  water  solubles 
included  starch,  coloring  matters,  and  possibly 
sugars  and  alkaloids.  No  investigations  of  these 
various  fractions  were  made. 

One  of  the  surprising  features  of  this  series  of 
analyses  is  that  most  of  the  woods  under  examina¬ 
tion  are  not  unusually  high  in  total  extractives. 
Direct  comparison  with  our  native  hardwoods  can¬ 
not  be  made  readily  because  it  is  seldom  that  suc¬ 
cessive  extractions  have  been  made  with  a  final  siun- 
mation,  but  it  would  appear  that  only  Pseudosa- 
manea  guachapele  and  Hymenaea  courbaril  show  an 
over-all  extractive  content  higher  than  that  found 
often  in  North  American  species.  The  analyses  of 


Table  7. — Extractives  in  Tropical  Woods  Determined  by  Direct  Weight  and  By  Loss  in  Weight  on  Air  Dried 
(40-60-Mesh)  Samples,  Computed  on  the  Ovendry  Basis 

Ether  Extract  Cold  50%  EtOH  Extract  Alcohol-benzene  Extract  Hot  Water  Extract  ToUl  Extractives 

percent  percent  percent  percent  percent 


By  Loss 

By  Direct 

By  Loss 

ByDirect 

Wood 

in  Wt. 

Weight 

in  Wt. 

Weight 

1 . 

_  2.0'> 

1.95* 

4.7» 

4.8> 

II.... . 

_  2.7» 

2.6> 

8.4> 

8.25* 

in . 

_  4.0* 

4.1« 

4.4i> 

3. (Mb 

IV.. . 

_ d 

v . 

vii:::::: 

VII . 

VIII . 

_  _ 

_ 

6.85> 

‘Resulta  of  duplicate  determinations. 

■■Results  of  triplicate  determinations. 

‘Results  of  quadruplicate  determinations. 

■■Dashes  indicate  that  no  determinations  were  made. 


By  Loss 

By  Direct 

By  Lose 

By  Direct 

By  Loss 

By  Direct 

in  Wt. 

Weight 

in  Wt. 

Weight 

in  Wt. 

Weight 

0.7» 

0.65* 

1.15* 

0.7» 

8.55 

8.1 

0.65* 

0.53» 

1.37» 

1.33» 

13.12 

12.75 

O.eb 

■ 

0.97» 

10.08 

8.71 

0.28* 

_ 

1.08» 

9.21 

8.76 

- 

0.31* 

- 

1.0* 

7.48 

7.87 

_ 

0.38« 

— 

1.16« 

6.55 

5.73 

_ 

0.68> 

- 

1.35» 

13.75 

13.43 

— 

0.88* 

— 

2.24« 

10.42 

9.97 
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a  few  American  oaks  analyzed  for  total  extractives 
tend  to  confirm  the  view.  Thus  Quercus  agrifolia 
contained  about  8  percent  (7),  Quercus  rubra  con¬ 
tained  9.8  percent  and  Quercus  lyrata  (both  ana¬ 
lyzed  at  The  Institute  of  Paper  Chemistry)  yielded 
12.8  percent  total  extractives.  It  is  interesting  to 
compare  the  extractive  content  of  these  woods  with 
that  of  a  sample  of  quebracho,  which  contained 
approximately  37.8  percent  extractives  (26).  The 
extractive-free  woods  were  used  in  subsequent  lignin 
determinations  and  in  certain  of  the  methoxyl 
analyses. 

Tannin  Content 

Tannins,  among  other  phenolic  extractives,  prob¬ 
ably  enhance  the  durability  of  various  tropical 
woods.  Four  of  the  tropical  woods  under  investiga¬ 
tion  were  shown  to  contain  small  amounts  of  tannin, 
which  were  determined  quantitatively  by  the  offi¬ 
cial  method  of  the  American  Leather  Chemists’ 
Association  (ALCA),  which  permits  the  determina¬ 
tion  of  tannin  fixed  by  hide  powder  under  specified 
conditions  (1).  In  this  determination  a  water  ex¬ 
traction  of  the  original  wood  is  made  at  about  100" 
C.  and,  in  the  case  of  these  (low  tannin)  woods, 
the  tannin  content  of  this  solution  was  about  1  gram 
per  liter.  The  wet  hide  powder  used  was  18.5  grams. 
The  usual  ALCA  method  is  designed  for  the  anal¬ 
ysis  of  raw  materials  containing  7-8  percent  (or 
more)  of  tannin  and  is  not  well  suited  to  samples 
containing  only  small  amounts.  The  results,  given 
in  Table  8,  were  obtained  by  the  procedure  of  the 
ALCA  for  the  extraction  and  analyses  of  raw  mate¬ 
rials  which  are  low  in  tannin.  In  conformity  with 
the  custom  of  the  ALCA,  the  results  are  reported 
on  the  basis  of  air-dried  (not  oven-dried)  wood. 
The  water-soluble  nontannins  and  the  components 
that  are  insoluble  (when  the  hot  water  extract  cools 
to  23"  C.)  are  also  included  in  Table  8. 

The  tannin  content  of  these  woods  is  far  below 
that  which  would  make  commercial  extraction  eco¬ 
nomically  feasible.  On  the  other  hand,  they  may  in 
part  explain  the  durability  of  these  species. 

Methoxyl  Content 

Methoxyl  groups  are  present  in  all  woods.  Most 
of  these  are  due  to  substituent  groups  in  the  lignin, 
but  appreciable  amounts  are  also  present  as  ether 
groupings  of  the  uronic  acid  units  of  wood  hemi- 
celluloses  and  very  small  amounts  may  be  present 
in  some  of  the  extractable  components.  Thus,  meth¬ 


oxyl  determinations  are  important  from  several 
points  of  view. 

The  determination  is  carried  out  by  a  modifica¬ 
tion  and  simplification  of  the  original  Zeisel  proce¬ 
dure  (30).  Essentially,  this  involves  the  Viebock 
and  Sdiwappach  method  (22).  'The  wood  is  heated 
with  hydriodic  acid  (containing  phenol)  which  con¬ 
verts  the  methoxyl  groups  into  methyl  iodide.  The 
latter  is  absorbed  in  an  acetic  acid  solution  of  potas¬ 
sium  acetate  containing  bromine.  The  reaction  is 
carried  out  in  a  special  flask  using  a  current  of 
carbon  dioxide.  An  intermediate  scrubber  traps  any 
hydriodic  acid  or  free  iodine.  The  methyl  iodide  is 
converted  by  the  bromine  into  iodine  bromide, 
which  in  turn  passes  into  iodic  acid  and  hydrogen 
bromide.  Any  free  bromine  present  is  then  .de¬ 
stroyed  by  the  addition  of  formic  acid.  The  iodate 
is  determined  by  the  addition  or  potassium  iodide 
and  titration  of  the  resulting  free  iodine  by  means 
of  standard  sodium  thiosulfate.  Thus  one  methoxyl 
group  is  equivalent  to  3  moles  of  iodine,  which 
thus  furnishes  an  extremely  favorable  analytical 
factor. 

The  following  reactions  are  involved  in  the 
determination : 

ROCH3  -f  HI  — ^  ROH  -f  CH3I 

CH3I  -f  Br3 — CH^Br  -f  IBr 

IBr  2Br2  511^0  — HIO3  5HBr 

HIO3  +  5HI  3I2  +  H2O 

3I2  +  6Na2S203  — >-  6NaI  4-  3Na2S403 

Methoxyl  determinations  were  made  in  duplicate 
both  on  the  original  woods  (using  a  mixed  sample 
containing  both  40-60  mesh  and  fines)  and  on 
extractive-free  (40—60  mesh)  samples.  Results  are 
given  in  Table  9. 

Table  9. — Methoxyl  Content  of  Tropical  Woods 
(Unextracted,  ovendry  basis) 

Methoxyl  in 

Methoxyl  in  Extractive-free 
Original  Wood  Wood 


Wood  percent  percent 

I _  7.0  7.0 

II _  6.03  6.45 

III  _  6.6  7.25 

IV  _  6.5  6.85 

V  _  7.45  7.7 

VI  _  6.95  7.05 

VII  _  5.4  5.4 

VIII _  6.3  6.45 


Table  8; — Tannins  and  Nontannins  in  Tropical  Woods 


Wood 


Licaria  cayennensU _ 

Manilkara  bidentata  (Surinam) _ 

Manilkara  bidentata  (Puerto  Rico) 
Hymenaea  courbaril _ 


(Unextracted,  airdry  basis) 

Ratio  of  tannin 
to  total  (hot 
water-soluble) 


Tannins 

Nontannins 

Insolubles* 

extractives 

percent 

percent 

percent 

percent 

2.7 

3.4 

0.5 

40.9 

2.0 

3.6 

0.2 

34.5 

3.5 

2.7 

0.2 

54.7 

4.3 

6.1 

1.1 

41.0 

*SolubIe  in  hot  but  not  in  cold  water. 
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The  differences  in  the  results  for  the  extractive- 
free  and  the  unextracted  woods  are  not  marked. 
They  indicate  that  methoxyl-containing  substances 
have  been  removed  on  extraction  and/or  that  there 
are  slight  differences  in  the  methoxyl  content  be¬ 
tween  the  fines  and  the  40-60-mesh  samples. 

As  indicated  in  the  following  section,  methoxyl 
determinations  were  also  made  on  isolated  lignin 
fractions. 

Lignin  Contents 

The  "Klason”  lignin  determination  as  applied  to 
the  woods  of  angiosperms  is  often  very  unsatisfac¬ 
tory.  It  involves  a  drastic  procedure.  The  extractive- 
free  wood  is  treated  with  cold  72  percent  sulfuric 
acid  until  disintegration  takes  place.  The  hydrolysis 
of  the  polysaccharides  (cellulose  and  the  hemicellu- 
loses)  is  then  completed  by  diluting  the  mixture 
with  water  (to  3  percent  acid)  and  heating  four 
hours  at  constant  volume.  The  brown  lignin  resi¬ 
due  is  then  filtered,  washed,  dried,  and  weighed. 
Certain  carbohydrates,  nitrogenous  matters,  and 
other  materials  may  interfere  with  the  determina¬ 
tion  and  the  "homogeneity”  of  the  lignin  is  usually 
gaged  by  the  methoxyl  content  of  the  residue  which, 
in  our  North  American  hardwoods,  usually  ranges 
from  about  20  to  21.5  percent. 

Freudenberg  and  Ploetz  (II)  showed  that  72 
percent  sulfuric  acid  was  not  necessarily  the  opti¬ 
mum  for  all  hardwoods.  Therefore,  they  treated 
extractive-free  wood  with  sulfuric  acid  solutions  of 
varying  concentrations  (both  above  and  below  72 
percent).  The  most  probable  lignin  content  was 
taken  as  that  which  gave  the  highest  methoxyl  value. 
When  the  acid  strength  was  too  low,  the  apparent 
lignin  content  was  too  high  but  the  methoxyl  con¬ 
tent  was  correspondingly  low.  When  the  acid  con¬ 
centration  was  too  high,  degradation  of  the  lignin 
sometimes  occurred  and  the  methoxyl  value  again 
dropped. 

In  the  present  study  in  an  exploratory  series  of 
analyses,  fully  extracted  wood  samples  were  treated 
with  69.  percent,  72  percent,  and  75  percent  sulfuric 
acid.  The  lignin  yields  were  determined,  and  the 
methoxyl  content  of  most  of  these  fractions  was  also 
determined.  In  all  instances,  72  percent  sulfuric 
acid  gave  the  most  probable  lignin  values  (although 
in  the  case  of  Cordia  alliodora,  69  percent  and  72 
percent  H^SO  gave  identical  values)  and,  in  the  case 
of  Ocotea  rubra,  the  respective  yields  of  lignin  (and 
corresponding  methoxyl  values)  were  also  nearly 
identical.  The  lignin  values  given  in  Table  10  were 
corrected  for  sulfated  ash  (which  was  always  very 
slight).  The  corresponding  methoxyl  values  are  also 
given  in  Table  10.  In  most  instances,  the  effect  on 
the  lignin  determination  of  changed  acid  concentra¬ 
tions  was  marked.  This  was  especially  true  when  69 
percent  acid  was  used.  Manilkara  bidentata  (from 
Puerto  Rico)  may  be  cited  as  an  example.  With  69 
percent  acid,  the  "apparent  lignin”  in  the  extractive- 
free  wood  was  53.2  percent  (with  10.35  percent 


methoxyl).  With  72  percent  acid,  the  apparent 
lignin  content  was  26.8  percent  (with  20.8  percent 
methoxyl),  and  with  75  percent  acid  the  apparent 
lignin  value  was  27.3  percent  (with  20.6  percent 
methoxyl).  It  is  evident  that  the  high  "apparent 
lignin”  obtained  with  69  percent  acid  is  spurious. 
Table  10  gives  the  most  probable  values  for  lignin 
corrected  for  ash  (both  on  the  extractive  free  and 
unextracted  wood  bases)  and  the  corresponding 
methoxyl  content  of  these  lignins. 

Table  10. — "Klason”  Lignin  on  Tropical  Woods  and 
Corresponding  Methoxyl  Content  of 
These  Lignins 

(Unextracted,  ovendry  basis) 


Corrected 

Corrected 

(extractive- 

(unextracted 

Methoxyl 

free  basis), 

basis), 

in  lignin. 

Wood 

percent 

percent 

percent 

I . 

_  31.80 

29.08 

19.75 

n . . 

_  27.6.5 

«4.03 

19.35 

Ill . 

_  32.62 

29.33 

18.85 

IV . 

.  26.83 

24.36 

20.8 

v . 

.  28.20 

26.11 

21.7 

VI . 

.  31.80 

29.72 

18.3 

VII . 

.  23.51 

20.27 

18.9 

VIII . 

.  32.92 

29.50 

17.65 

It  will  be  noted  that  four  of  these  woods  (III, 
VI,  VII,  and  VIII)  yield  lignin  residues  with 
methoxyl  contents  considerably  below  those  given  by 
our  native  American  hardwoods  (20-21.5  percent). 
Whether  or  not  this  is  due  to  impurities  in  the 
lignin  is  as  yet  undetermined.  However,  two  experi¬ 
ments  throw  some  light  on  this  question.  The  lig¬ 
nins  from  VI  (Cordia  alliodora)  and  from  VIII 
(Licaria  cayennensis)  were  heated  with  1  percent 
potassium  carbonate  solution,  followed  by  cold  di¬ 
gestion  for  about  22  hours.  A  considerable  portion 
of  the  lignin  dissolved  in  the  case  of  VI  and  smaller 
amounts  in  the  case  of  VIII.  The  lignin  residues 
were  filtered  and  washed  successively  with  water, 
acetic  acid,  and  water  and  dried.  Methoxyl  deter¬ 
minations  were  then  made  on  the  residues.  That 
from  VI  contained  18.45  percent  methoxyl  and  that 
from  VIII  contained  17.4  percent  methoxyl,  indi¬ 
cating  that  no  appreciable  change  in  methoxyl  con¬ 
tent  had  occurred  and  that  no  acidic  substance 
(lower  in  methoxyl  than  the  Klason  lignin)  had 
been  removed  preferentially.  It  seems  probable  (but 
by  no  means  proved)  that  these  lignins  contain 
fewer  syringyl  groups  than  do  the  lignins  of  our 
native  hardwoods.  This  also  appears  to  be  true  for 
the  lignin  of  quebracho  wood  (Schinopsis  sp.) 
(26).  On  the  other  hand,  it  will  be  noted  that 
Iwth  samples  of  Manilkara  bidentata  (IV  and  V) 
give  lignin  methoxyl  values  falling  within  the  usual 
range,  and  that  samples  I  and  II  closely  approach 
the  lower  values  within  this  range. 

The  lignin  content  of  these  woods  merits  brief 
discussion.  Those  of  woods  I,  III,  VI,  and  VIII 
are  much  higher  than  those  usually  found  in  our 
native  American  hardwoods;  VII  is  within  the  usual 
hardwood  range,  whereas  the  others  show  a  rela¬ 
tively  high  lignin  content,  but  one  similar  to  that 
found  in  some  of  our  American  oaks.  For  com- 
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parative  purposes,  a  few  Klason  lignin  analyses  on 
angiosperms  of  the  Northern  Hemisphere  may  be 
cited.  All  the  data  in  Table  11  are  given  on  the 
basis  of  the  ovendry  unextracted  wood. 

It  is  interesting  to  note  that,  although  in  four 
instances,  the  percentage  methoxyl  in  the  lignin  of 
tropical  woods  was  below  that  usually  found  in  the 
lignin  fraction  isolated  from  native  hardwoods,  the 
methoxyl  content  of  the  woods  themselves  was  at 
times  higher  than  that  found  in  our  native  angio¬ 
sperms.  The  percentage  methoxyl  in  the  tropical 
woods  (on  the  unextracted  basis)  ranged  from  5.4 
to  7.4  percent.  The  methoxyl  range  for  native 
American  hardwoods  is  ordinarily  3.4  to  6.5  per¬ 
cent.  Only  in  the  case  of  a  sugar  maple  was  a 
methoxyl  content  as  high  as  7.25  percent  found  (9). 

Methoxyl  Content  of  Hemicelluloses 

Most  of  the  mdthoxyl  groups  in  wood  are  asso¬ 
ciated  with  the  lignin.  Very  small  amounts  may  be 
associated  with  extractives.  However,  an  appreciable 
amount  of  methoxyl  resides  in  the  hemicellulosic 
fraction.  The  percentage  of  such  methoxyl  has  been 
calculated  as  follows:  In  each  case  the  percentage 
of  lignin  [on  the  extractive-free  wood  basis  (cf. 
Table  10)}  is  multiplied  by  the  methoxyl  content 
of  the  lignin.  This  gives  the  "lignin  methoxyl”  in 
the  extractive-free  wood.  This  is  then  subtracted 
from  the  corresponding  total  methoxyl  in-  the 
extractive-free  wood  (cf.  Table  10).  This  diflFerence 
multiplied  by  (100  minus  the  percent  extractives 
in  the  wood)  and  divided  by  100  is  the  percentage 
methoxyl  not  in  the  lignin  or  in  the  extractives.  For 
purposes  of  analytical  siunmation,  this  value  is  re¬ 
calculated  to  "percentage  CH2.”  The  reason  for  this 
is  that  the  nonlignin  methoxyl  appears  to  be  asso¬ 
ciated  largely  with  the  uronic  acid  groups  in  the 
wood  (79).  In  determining  the  uronic  acid  groups 
in  wood,  only  one  oxygen  and  one  hydrogen  atom 
in  each  OCH3  group  were  included  in  the  final  cal¬ 
culation.  Thus  the  "CHj  portion”  of  the  OCH3 
was  not  accounted  for  in  the  uronic  acid  deter¬ 
mination. 

Values  for  hemicellulosic  methoxyl  and  for  the 
respective  "CHj  percentage”  are  given  in  Table  12 

Cell  Wall  Polysaccharides 
Introduction 

The  proximate  determinations  of  alpha-cellulose 
and  hemicelluloses  in  a  wood  are  best  carried  out 


by  initially  preparing  holocellulose  and  then  isolat¬ 
ing  the  two  fractions  from  this  starting  product. 
Under  ideal  conditions,  holocellulose  retains  all  the 
carbohydrates  of  the  cell  wall.  Two  general  meth¬ 
ods  have  been  proposed  for  the  preparation  of  holo¬ 
cellulose  but,  in  the  experience  of  the  Institute,  the 
so-called  "chlorite”  procedure  is  the  more  conven¬ 
ient  (73,  27).  This  depends  on  suspending  a  con¬ 
venient,  weighed,  air-dried,  unextracted  sample  in 
water  and  heating  at  70-80®  C.  with  successive  por¬ 
tions  of  acetic  acid  and  sodium  chlorite.  The  action 
of  these  reagents  gives  rise  to  chlorine  dioxide, 
which  converts  most  of  the  lignin  into  water- 
soluble  chlorinated  and/or  oxidized  products  (3) 
and  which  also  removed  extractives.  It  is  impor¬ 
tant,  however,  to  retain  small  amounts  of  lignin  in 
the  holocellulose.  Complete  lignin  removal  permits 
the  removal  of  significant  amounts  of  hemicelluloses 
as  well.  Inasmuch  as  the  method  is  empirical,  and 
as  different  wood  species  require  varying  numbers 
of  such  chlorite  treatments,  protracted  orienting  ex¬ 
periments  were  required  to  determine  the  optimum 
conditions  of  delignification.  These  initial  experi¬ 
ments  (which  showed  the  danger  of  over  chlorit- 
ing)  need  not  be  described.  They  are  mentioned 
simply  to  show  that  each  wood  required  special 
stuay.  The  optimum  number  of  successive  chlorit- 
ings  for  woods  I,  III,  IV,  V,  VI,  and  VII  was  four. 
II  required  six  and  VIII  required  five  chloritings. 
The  technique  used  has  been  described  in  detail  by 
Wise,  Murphy,  and  D’Addieco  (27).  The  isolated 
holocellulose  (prepared  from  5-gram  samples  of 
wood)  were  cooled  in  an  ice-brine  bath,  filtered  by 
suction,  washed  with  ice  water  and  acetone,  and  air 
dried. 

Quantitative  Isolation  of  the 
a-Cellulose  and  Hemicellulose  Fractions 

The  air-dried  holocelluloses  were  weighed  and 
extracted  two  hours  at  20°  C.,  under  nitrogen,  with 
100  ml.  5  percent  aqueous  potassium  hydroxide, 
with  occasional  shaking.  The  suspension  was  filtered 
promptly  by  suction  into  an  excess  of  acetic  acid, 
and  the  residue  was  then  washed  successively  with 
50  ml.  5  percent  potassium  hydroxide,  with  water 
and,  finally,  with  dilute  acetic  acid  and  water.  The 
filtrate  and  washings  (which  were  strongly  acid) 
were  then  treated  with  4  to  5  volumes  of  95  percent 
ethanol  to  precipitate  the  hemicellulose  (fraction 
A).  The  fibrous  residue,  after  acetone  washing,  was 


Table  11. — Klason  Lignin  Content  of  Hardwoods  of  the  United  States 
(Unextracted,  ovendry  basis) 

Big-tooth  Quaking  Yellow  Paper  Sugar  Red  Chestnut  Overcup  Southern 

Aspen  Aspen  Beech  birch  birch  maple  maple  Basswood  oak  oak  red  oak 

Lignin,  %  16. 19. 3»  21. 0»  22. 7»  19. 4»  20.3*>  22.8*  20.0*  24. 3»  24. 4o  22. S* 

16. 9*'  19. 2»  20.6<>  18.6'>  20.6*  21. S'* 

22.3'>  20.2'>  17.6'> 

^  ,  19-6'’ 

‘Data  (in  part  unpublished)  from  the  U.  S.  Forest  Products  Laboratory. 

'’Data  of  Freeman  and  Peterson. 

‘Analyses  made  at  The  Institute  of  Paper  Chemistry. 

Methoxyl  content  of  overcup  oak,  19.5  percent;  of  southern  red  oak  20.3  percent.  Unfortunately,  the  methoxyl  content  of  the  lignins  under 
•  and  '>  were  not  determined. 
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Table  12. — Methoxyl  Not  in  Lignin  or  Extractives;  "CH*  Values 


Methoxyl  ‘  not  in 

Total  methoxyl 

Lignin  methoxyl 

lignin  or  extractives 

“CH  t  values” 

in  extractive- 

(baa^on  extractive- 

(baaed  on  unextracted 

corresponding 

Wood 

free  wood  (A), 

free  wood)  (B), 

wood). 

to  C, 

percent 

percent 

percent  (  — C) 

percent 

I . 

.  7.0 

6.28 

0.66 

0.30 

II . 

.  6.45 

6.36 

0.96 

0.43 

Ill . 

.  7.26 

6.16 

0.99 

0.45 

IV . 

.  6.86 

5.68 

1.16 

0.52 

v . 

.  7.7 

6.12 

1.46 

0.66 

VI . 

.  7.06 

5.82 

1.15 

0.62 

VII . 

.  6.40 

4.44 

0.83 

0.37 

VIII . 

.  6.46 

5.81 

0.57 

0.26 

1  Computed  by  subtracting  B  from  A  in  each  case  and  multiplying  by  an  appropirate  factor  for  converting  from  the  extractive-free  to  the 
unextract^  wood  bases. 


air  dried  and  extracted  with  100  ml.  16  percent 
potassium  hydroxide  (under  conditions  identical 
with  those  given  above).  The  suspension  was  fil¬ 
tered  into  an  excess  of  acetic  acid  and  washed  suc¬ 
cessively  with  50  ml.  16  percent  potassium  hydrox¬ 
ide,  water,  10  percent  acetic  acid,  and  water.  The 
filtrate  was  precipitated  by  means  of  an  excess  of 
alcohol,  thus  giving  hemicellulose  B.  The  two  hemi- 
cellulose  fractions  (A  -f-  B)  were  combined  and 
treated  as  indicated  below.  [The  only  exception  to 
the  isolation  treatment  outlined  was  that  of  II 
{Pseudosamanea  guachapele) .  Owing  to  extreme 
difficulties  in  filtration,  especially  after  alkaline  ex¬ 
traction,  the  holocellulose  was  treated  only  with  5 
percent  aqueous  potassium  hydroxide.} 

The  insoluble  fibrous  residue  from  these  extrac¬ 
tions  has  been  termed  arbitrarily  "alpha-cellulose,” 
largely  for  the  sake  of  convenience.  The  significance 
of  this  determination  will  be  discussed  later  in  the 
report. 

These  alpha-celluloses  were  then  corrected  for 
ash,  residual  lignin,  residual  uronic  anhydride,  and 
residual  (corrected)  xylan.  With  the  exception  of 
II,  ash  and  lignin  corrections  were  usually  slight, 
whereas  the  corrections  for  uronic  acid  and  xylan 
were  often  significant.  This  is  shown  in  Table  13. 

Table  13. — Alpha-Cellulose  Content  of  the 
.  Tropical  Woods* 


(Unextracted,  ovendry  basis) 


Wood 

Alpha-cellulose 

(uncorrected), 

percent 

Alpha-cellulose 
(corrected  for 
ash  and  lignin), 
percent 

Alpha-cellulose 
(corrected  for  ash, 
lignin,  residual 
uronic  anhydride 
and  xylan), 
percent 

I . 

46.65 

46.46 

44.15 

II . 

46.06 

45.36 

41.80 

Ill . 

48.06 

47.80 

46.66 

IV . 

47.70 

47.60 

44.40 

Vv . 

46.40 

46.30 

43.86 

VI . 

46.70 

46.36 

42.70 

VII . 

42.86 

42.80 

40.40 

vmo . 

46.26 

46.26>> 

43.66 

■Average  of  duplicate  determinations;  results  given  to  the  nearest 
0.06  percent. 

*>C)wing  to  the  unusually  low  ash  content  of  the  original  wood,  Licaria 
alpha-cellulose  was  not  corrected  for  ash;  the  lignin  content  of  the 
cellulose  was  only  0.04  percent;  hence,  this  correction  is  negligible. 

The  precision  of  the  alpha-cellulose  determination 
leaves  much  to  be  desirea.  Duplicate  determinations 
showed  variations  of  0.15  to  0.7  percent. 


The  over-all  results  indicate  that  most  of  these 
tropical  woods  are  relatively  high  in  alpha-cellulose. 
This  is  surprising  in  view  of  the  high  lignin  values 
and  the  appreciable  extractive  content.  Whereas  the 
values  (i.e.,  alpha-cellulose  corrected  for  lignin  and 
ash)  fall  below  those  of  our  native  aspen  (50-51 
percent),  yellow  birch  (51  percent),  beech  (51.2 
percent),  and  elm  (55.2  percent),  they  are  consid¬ 
erably  higher  than  those  of  our  native  overcup  oak 
(41.1  percent),  red  oak  (37  percent)  (28),  and 
post  oak  (41.9  percent)  (22). 

Hemicellulose  Content  of  the  Woods 

The  flocculent,  combined  hemicellulose  fractions 
(referred  to  in  the  preceding  section)  were  centri¬ 
fuged  and  washed  thoroughly  with  warm  95  per¬ 
cent  alcohol,  absolute  alcohol,  and  anhydrous  ether. 
The  white  powdery  products  were  then  dried  to 
constant  weight  at  100*  C.  The  procedures  were 
carried  out  quantitatively.  Ash  determinations  were 
made  on  the  various  hemicelluloses  by  careful  char¬ 
ring  and  ignition  in  the  presence  of  a  few  drops  of 
concentrated  sulfuric  acid.  The  "sulfated  ash”  was 
then  weighed  and  extracted  repeatedly  with  hot 
water.  The  water-insoluble  residue  was  also  deter¬ 
mined.  This  permitted  the  estimation  of  total  ash, 
insoluble  ash,  and  water-soluble  ash.  As  a  result  of 
previous  experience,  the  assumption  was  made  that 
the  entire  water-soluble  ash  was  present  as  potas¬ 
sium  sulfate,  and  that  the  potassium  in  this  ash  had 

//O 

been  present  originally  in  the  form  of  -C  —  OK 
in  the  uronide  portion  of  the  hemicellulose  frac¬ 
tions.  Whereas  the  validity  of  such  an  empirical 
assumption  might  be  questioned,  experiments  with 
other  wood  hemicellulosic  fractions  indicate  that,  in 
the  main,  this  hypothesis  appears  to  be  justifiable. 
Potassium  acetate,  formed  in  large  quantity  during 
the  hemicellulose  isolation,  is  completely  removed 
by  repeated  washing  with  warm  alcohol.  Hence  the 
soluble  sulfated  ash  was  calculated  to  potassium  for 
which  due  correction  was  made.  A  correction  was 
also  made  for  the  insoluble  ash  in  the  hemicellulose. 

The  following  is  a  specific  example  of  such  ash 
corrections.  In  one  analysis  the  wood  of  Manilkara 
bidentata  (from  Surinam)  yielded  18.32  percent 
ash-containing  hemicellulose.  The  soluble  ash  (cal¬ 
culated  as  KgSO^)  was  21.56  percent,  which  corre- 
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sponded  to  9.66  percent  potassium.  The  insoluble 
ash  was  0.74  percent.  Then  (recalculated  on  the 
original  wood  basis) : 

18.32  X  0.0966  =  1.78  and 
18.32  X  0.0074  =  0.14 
18.32 — (1.78  and  0.14)=  16.4  percent  (cor¬ 
rected  hemicellulose  value) . 

Table  14  shows  the  results  of  duplicate  determi¬ 
nations  giving  the  corrected  hemicellulose  values. 

Table  14. — Hemicelluloses  in  Tropical  Woods 
(Unextracted,  ovendry  basis) 

Hemicelluloses 
(corrected  for 
soluble  and 
insoluble  ash) 


Wood  percent 

I  _ 14.45,  14.14 

II  _  12.90,  13.93 

III* _  12.39,  11.81 

IV  _  14.82,  15.24 

V  _ 16.11,  16.40 

VI  _  17.12,  16.68 

VII* _  19.95,  20.13 

VIII  — _  10.84,  11.07 


*  The  hemicelluloses  from  III  and  VII  still  gave  slight 
blue  colorations  with  iodine,  indicating  that  small  amounts 
of  starch  may  be  present  as  a  contaminant. 

The  above  table  also  gives  an  index  of  the  pre¬ 
cision,  as  well  as  of  the  limitations,  of  the  method. 
In  the  case  of  II  {Pseudosamanea  guachapele),  the 
lack  of  precision  may  be  ascribed  to  extreme  diffi¬ 
culty  in  filtering  the  swollen  holocellulose. 

It  has  been  noted  that  all  alpha-cellulose  fractions 
retain  appreciable  amounts  of  xylan  and  uronic 
anhydride  residues.  Provided  the  sum  of  these 
residues  is  subtracted  from  the  sum  of  the  total 
xylan  and  uronic  anhydride  present  in  a  hardwood, 
the  difference  should  give  an  approximate  measure 
of  the  hemicellulose  content  of  that  wood.  (The 
assumption  here  is  that  the  other  sugar  units,  such 
as  mannose,  galactose  and  arabinose,  are  present  in 
negligible  amounts.)  Such  a  calculation  was  made 
and  the  results  are  those  given  in  Table  15;  these 
may  then  be  compared  directly  with  those  given  in 
Table  14.  With  the  exception  of  VII  (the  hemi¬ 
celluloses  of  which  apparently  retain  some  starch), 
all  the  results  in  Table  15  are  appreciably  higher 
than  those  in  Table  14.  This  discrepancy  was  not 
unexpected.  Past  experience  has  shown  that,  in  iso¬ 
lating  hemicelluloses  from  the  holocellulose  of 
hardwoods,  small  losses  of  cell-wall  carbohydrates 
occur  quite  regularly.  Experience  has  also  shown 
that,  in  the  presence  of  hexosans  (like  those  ocur- 
ring  in  wood),  the  xylan  determination  gives 
slightly  high  values,  possibly  because  of  the  forma¬ 
tion  of  hydroxymethylfurfural  (29).  Hence,  in 
most  cases,  the  true  value  of  a  hemicellulosic  frac¬ 
tion  is  probably  intermediate  between  the  viilues 
given  in  Table  14  and  those  shown  in  Table  15, 


Table  15. — Sum  of  Xylan  and  Uronic  Anhydride 
IN  Woods 

(Other  than  those  in  a-cellulose) 

(Unextracted,  ovendry  basis) 

Xylan  +  uronic 
arihydride  (cor¬ 
rected  for  these 
components  in 
alpha-cellulose), 
percent 

—  15.7 

15.6 

—  13.0 

_  16.75 

—  16.55 
17.25 

18.7 
12.15 

With  the  exception  of  sample  VII,  the  hemicellu¬ 
lose  values  fall  well  below  those  usually  found  in 
our  native  hardwoods  [e.g.,  an  unextracted  speci¬ 
men  of  aspen  wood,  analyzed  by  a  similar  proce¬ 
dure,  contained  about  21  percent  hemicelluloses 
(27),  a  sample  of  red  oak  contained  20.1  percent 
and  a  sample  of  overcup  oak  yielded  20.5  percent 
hemicellulose  (28).] 

The  assumption  is  generally  made  that  the  acetyl 
groups  of  a  wood  are  closely  and  almost  quantita¬ 
tively  associated  with  the  hemicelluloses.  If  this  be 
true  and  it  is  strongly  supported  by  various  analy¬ 
tical  data  (cf.  Ritter  s  work  on  holocellulose),  then 
the  total  hemicelluloses  plus  acetyl  groups  may  be 
approximated  by  subtracting  the  alpha-cellulose 
content  of  wood  from  its  holocellulose  content.  In 
the  absence  of  direct  hemicellulose  determinations, 
such  calculations  have  been  made  from  data  sup¬ 
plied  by  the  U.  S.  Forest  Products  Laboratory  (21). 
The  results  given  in  Table  16  show  the  marked  dif¬ 
ferences  between  our  native  hardwoods  and  those  of 
the  tropics.  Only  VII  falls  within  the  usual  range 
of  domestic  angiosperms,  and  only  elm  (which  has 
an  unusually  high  alpha-cellulose  content)  ap¬ 
proaches  the  range  of  the  tropical  woods.  In  the 
main,  the  differences  are  striking. 

Summative  Proximate  Analyses 
Introduction 

Ideally,  the  summative  analysis  of  any  wood 
should  include  the  important  components  and  func¬ 
tional  groups  without  overlapping  and  without 
omission.  In  other  words,  a  summative  analysis 
should  account  for  100  percent  of  the  original  wood. 
Whereas  there  are  a  number  of  wood  analyses  in 
the  literature  which  appear  to  give  such  a  precise 
summation,  in  the  experience  of  the  Institute,  this 
is  largely  due  to  the  happenstance  of  small,  com¬ 
pensating  errors.  These  have  been  discussed  quite 
fully  by  Wise,  Murphy,  and  D’Addieco  (27).  Real¬ 
izing  the  limitations  in  precision  of  some  of  our 
analytical  techniques  (e.g.,  for  determining  lignin, 
hemicelluloses,  and  alpha-cellulose),  summations  of 
97-102  percent  must  be  considered  entirely  satis¬ 
factory. 


Wood 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 
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Table  16. — Comparison  of  Summation  of  Hemicel- 

LULOSE  AND  ACETYL  CONTENT  OF  TROPICAL  WOODS 

With  That  of  Native  North  American  Hard¬ 
woods^ 

Hemicellulose 
plus  acetyl, 


Wood  percent 

I _  15.4 

II  _  14.9 

III  _  13.3 

IV  _  16.35 

V _  17.35 

VI _  18.2 

VII _  22.25 

VIII _  11.7 

Quaking  Aspen _  29.7,  28.9 

Yellow  birch _  21.5 

Paper  birch _  32.4,  31.1 

Be«h  _  24.5 

Chestnut  oak _  28.9 

American  elm _  17.7 

Red  maple _  26.5 

Basswood  _  28.5 


^Calculated  from  data  (in  part  unpublished)  furnished 
by  the  U.  S.  Forest  Products  Laboratory. 

It  might  be  well  to  outline  the  concepts  on  which 
summative  analyses  are  based,  and  some  of  the 
assumptions  made  by  the  analyst.  This  can  best  be 
done  by  use  of  a  schematic  figure  (Fig.  1),  which 
is  very  similar  to  that  given  by  Wise  and  Ratliff 
(28),  showing  the  main  components  of  the  cell 
walls  of  wood.  This  is  a  modification  of  a  scheme 
originally  devised  by  Norman  (18).  For  purposes 
of  simplicity,  the  extractives  have  been  omitted.  It 
will  be  noted  that  this  figure  shows  fwo  possible 
ways  of  defining  alpha-cellulose,  depending  on  a 
hemicellulosic  "border  zone.”  If  we  isolated  alpha- 
cellulose  by  an  analytical  scheme,  this  border  zone 
would  be  included.  This  means  that  all  alpha- 
cellulose  fractions  isolated  from  any  wood  contain 
some  units  other  than  glucose — e.g.,  xylose,  uronic 
anhydride,  mannose,  etc.  If,  however,  we  define 
alpha-cellulose  academically  as  containing  only 
alkali-resistant  long  chains  made  up  solely  of 
jg-D-glucopyranose  units,  then  this  border  zone  must 
be  omitted.  The  boundary  line  between  the  hemi- 
celluloses  and  true  cellulose  depends  upon  the  view¬ 
point  of  the  wood  chemist,  and  should  be  stated 
unequivocally.  The  term  alpha-cellulose  may  have  a 
dual  significance  and  on  the  definition  of  our  choice 
will  depend  what  wood  components  should  be  in¬ 
cluded  in  any  scheme  of  summative  analysis. 


The  difference  in  the  alpha-cellulose  concept  may 
be  illustrated  by  making  reference  to  black  spruce 
(cf.  Wise  and  Ratliff).  In  this  wood,  the  total  hemi- 
celluloses  recovered  by  successive  treatments  with 
potassium  hydroxide  were  17.5  percent  (based  on 
extractive-free  wood).  The  residual  "alpha-cellu¬ 
lose”  (ash-  and  lignin-free)  was  51.5  percent.  How¬ 
ever,  this  alpha-cellulose  fraction  retained  7.06  per¬ 
cent  mannan,  1.7  percent  xylan,  and  2.1  percent 
uronic  anhydride.  Gilculated  on  the  basis  of  the 
original  (extractive-free)  wood,  these  values  become 
3.6  percent  mannan,  0.88  percent  xylan  and  1.08 
percent  uronic  anhydride.  In  other  words,  the  total 
non-glucose  units  retained  by  the  isolated  alpha- 
cellulose  was  about  5.6  percent.  If  correction  is 
made  for  these  extraneous  units,  then  the  "academ¬ 
ically”  defined  "pure”  alpha-cellulose  emerges,  and 
the  content  of  this  "pure”  cellulose  is  45.9  percent 
(instead  of  51.5  percent).  If  then  we  arbitrarily 
add  to  the  original  hemicelluloses  the  "border  line” 
hemicelluloses,  this  fraction  rises  from  17.5  percent 
to  about  23.1  percent.  It  is  obvious  that  in  any  sum¬ 
mative  analyses,  two  distinct  types  of  summations 
may  be  used. 

In  recognition  of  these  two  viewpoints,  both 
concepts  of  alpha-cellulose  have  been  used  in  the 
present  analytical  summations. 

In  one  series  the  academic  concept  has  been  fol¬ 
lowed  (where  cellulose  is  corrected,  not  only  for 
ash  and  lignin,  but  also  for  xylan  and  uronic  anhy¬ 
dride  as  well).  In  the  other  series  of  analyses,  the 
analytical  definition  of  alpha-cellulose  has  been 
retained. 

The  one  set  of  summative  wood  analyses  (Table 
17)  includes  ash,  total  extractives,  total  lignin  (cor¬ 
rected  for  ash),  total  hemicelluloses  (isolated  from 
the  holocellulose  and  corrected  for  ash),  alpha- 
cellulose  (corrected  for  lignin  and  ash),  and  acetyl. 
The  other  set  of  summative  analyses  (Table  18) 
includes  ash,  extractives,  lignin  (corrected  for  ash), 
alpha-cellulose  (corrected  for  residual  ash,  lignin, 
xylans,  and  uronic  anhydride)  and  "CHj”  (arising 
from  methoxyl  not  in  the  lignin  or  in  the  extrac¬ 
tives),  total  xylan,  and  total  uronic  anhydride.  It 
will  be  noted  that  mannose  units  have  not  been 
determined  because  of  their  subordinate  amount  and 
because  of  the  analytical  difficulties.  Furthermore, 
tannins,  coloring  matter  and  starch  (which  occur  in 
the  extractives)  naturally  are  not  included  in  any 


Table  17. — Summative  Analyses  of  Tropical  Woods 
(Unextracted,  ovendry  basis) 


All  values  in  percent 


I 

II 

ni 

IV 

V 

VI 

VII 

VIII 

Total  extractives  (loss  in  weight) _ 

8.55 

13.15 

10.1 

9.2 

7.5 

6.55 

13.75 

10.4 

Ash _  . 

0.33 

0.58 

0.19 

0.7 

0.37 

0.98 

0.85 

0.025 

Acetyl _ 

1.1 

1.5 

0.81 

1.3 

1.1 

1.3 

2.2 

0.76 

Lignin  (corrected  for  ash) . 

29.1 

24.05 

29.35 

24.35 

26.10 

29.7 

20.25 

29.50 

Alpha-cellulose  (corrected  for  lignin 
and  ash) _ 

46.45 

45.35 

47.8 

47.5 

46.30 

45.35 

42.8 

46.25 

Hemicelluloses  (corrected  for  ash) _ 

14.3 

13.4 

12.50 

15.05 

16.25 

16.9 

20.05 

10.95 

Total . . . 

99.83 

98.03 

100.75 

98.10 

97.62 

100.78 

99.90 

97.885 
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Increasing  chain  length 

_ A _ 


Holocellulose 


Alpha-cellulose 


(analytically  defined) 


—  "True"  Cellulose 
(the  academic  concept) 


Long  chains  of 


^-D-glycopyranose  units 


■7" 


Shorter  chains  ■ 
containing: 

Xylose  units 
Mannose  units 
Uronic  acid  mits 
Methoxyl  groups 
Acetyl  groups 
and 

(possibly  galactose, 
glucose,  and  arabinose 
uni ts) 


HEM ICELLU LOSE 


Hemicel lulose  proba¬ 
bly  in  part  chemically 
.combined  with  li(^in 


D - 1 


Lig^iin 

Containing  the 
noncarbohydrate 
material  of  the 
cell  wall  and  most 
of  the  methoxyl 
groups 


Border  Zone  between  the  Hemicellulose 
and  True  Cel lulose 


Fig.  1. — Schematic  Diagram.  Components  of  the  extractive-free  cell  walls  of  wood. 


summation,  although  traces  of  the  latter  may  be 
present  in  the  hemicellulose  fractions.  The  distribu¬ 
tion  of  nitrogen  over  the  various  wood  components 
is  also  entirely  unknown  and,  therefore,  this  com¬ 
ponent  is  not  included  in  either  summation.  (It  is 
probable  but  not  proved  that  some  nitrogen  may  be 
precipitated  with  Klason  lignin  and  also  retained  by 
holocellulose.)  The  methoxyls  in  lignin  and  the 
small  amount  present  in  the  extractives  are  also  not 
included,  otherwise  overlapping  would  occur.  Up  to 
the  present,  no  quantitative  method  exists  for  deter¬ 
mining  the  small  amounts  of  pectic  materials  occur¬ 
ring  in  wood.  Most  of  these  are  retained  by  the 
hemicelluloses  and  smaller  amounts  probably  are 
found  among  the  extractives.  Inasmuch  as  they  are, 
in  the  main,  polygalacturonides,  they  would  (in  one 
of  the  summations)  be  included  under  the  percent¬ 


age  of  uronic  anhydride.  It  is  of  some  interest  to 
compare  these  data  with  those  obtained  from  que¬ 
bracho  wood  {Schinopsis  sp.)  using  similar  summa¬ 
tions  (given  in  Table  19). 

Resistance  of  Tropical  Woods  to  Boring  by  the 
Cadelle  Larva 

(Tenebroides  mauritanicus  Linn)' 

The  cadelle  is  a  cereal-infesting  beetle  that  is  fre¬ 
quently  found  in  mills,  granaries,  and  storehouses. 
When  the  larvae  complete  their  growth  and  are 
ready  to  transform  to  the  pupal  stage,  they  fre¬ 
quently  seek  seclusion  by  boring  into  the  wooden 
bin  or  receptacle  that  holds  the  infested  material. 

'  Reported  by  J.  B.  Anderson. 


Table  18. — Summative  Analyses  of  Tropical  Woods 


(Unextracted,  ovendry  basis) 
All  values  in  percent 


I  II 


Total  extractives  (loss  in  weight) _  8.6  13.16 

Ash .  0.33  0.68 

Acetyl .  1.1  1,6 

Lignin  (corrected  for  ash) _  29.1  24.06 

Alpha-cellulose  (corrected  for  lignin,  ash, 

zylan,  and  uronic  anhydride) _  44.16  41.8 

Total  xylan.. _  13.2  14.3 

Total  uronic  anhydride _  4.8  4.8 

"CH  i"  (calculate  from  MeO  not  in  lignin 
or  extractives) _  0.3  0.43 


Total .  101.68  100.61 


III 

IV 

V 

VI 

VII 

VIII 

10.1 

9.2 

7.6 

6.66 

13.76 

10.4 

0.19 

0.7 

0.37 

0.98 

0.86 

0.026 

0.81 

1.3 

1.1 

1.3 

2.2 

0.76 

29.36 

24.36 

26.10  , 

29.7 

20.26 

29.60 

46.66 

44.4 

43.86 

42.7 

40.4 

43.66 

11.7 

16.6 

14.76 

14.2 

16.1 

11.26 

3.8 

4.26 

4.26 

6.86 

6.0 

3.46 

0.46 

0.62 

0.66 

0.62 

0.87 

0.26 

102.06 

100.32 

98.68 

101.8 

98.92 

99.296 
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Table  19. — Summative  Analysis  of  Quebracho  Wood 
(Unextracted,  ovendry  basis) 

All  values  in  percent 

I*  II* 


Total  extractives  by  loss  in  weight _  36.40  36.40 

Ash .  0.48  0.48 

Acetyl _ 1.02  1.02 

Lignin* _  16.20  15.20 

Alpha-cellulose _  28.80  - 

Alpha-cellulose  (corrected  for  xylan  and 

mannan) _  26,70 

Hemicelluloses  (corrected  for  ash) _  16.45  - 

Xylan .  .  14.3 

Uronic  anhydride _  4.05 

Mannan _  0.66 

“CH  i”  (calculated  from  MeO  not  in  lignin  or 

extractives) _  0.6 


Total .  98.35‘>  99. 30* 


‘Lignin  contained  18.0  percent  methoxyl. 

*>cf.  (26). 

‘Unpublished  data,  The  Institute  of  Paper  Chemistry. 

*I  corresponds  to  Table  17  and  II  to  Table  18. 

The  larvae  are  capable  of  boring  through  a  variety 
of  materials,  including  lead  and  aluminum  foil. 

Small  blocks  (about  1  by  1  by  2  inches)  of  the 
eight  tropical  woods  were  placed  in  half-pint  mason 
jars  with  twelve  cadelle  larvae  per  jar.  They  were 
kept  in  a  room  favorable  for  insect  activity  at  a 
controlled  temperature  of  83“  F.  and  a  ‘relative 
humidity  of  65  percent. 

The  larvae  bored  into  two  of  the  woods,  Pseudo- 
samanea  guachapele  and  Cordia  alliodora,  within 
one  day.  Boring  continued  during  the  observation 
period  of  one  week.  The  other  woods  showed  no 
signs  of  attack. 

Table  20  lists  the  woods  and  indicates  whether 
or  not  they  were  attacked  by  cadelle  larvae  within 
one  week. 

Table  20 

Wood  Damage  by  cadelle  larvae 

Cordia  alliodora _ Boring  begun  within  one 

day 

Hymenaea  courbaril _ Not  attacked 

Licaria  cayennensis _ Not  attacked 

Manilkara  bidentata  (Puerto 

Rico)  _ Not  attacked 

Manilkara  bidentata  (Surinam)  Not  attacked 

Ocotea  rubra _ Not  attacked 

Pseudosamanea  guachapele _ Boring  begun  within  one 

day 

Tabebuia  guayacan _ Not  attacked 

These  interesting  results  merit  further  study. 
Discussion 

Analytical  data,  although  entirely  valid  for  the 
samples  used  in  making  the  physical  tests  on  trop¬ 
ical  wood  conducted  at  New  Haven,  are  limited  to 
composite  samples  from  only  a  small  number  of 
logs.  This  fact  cannot  be  over-emphasized  because, 
in  a  study  such  as  this,  no  generalizations  are  pos¬ 
sible,  and  any  prognoses  or  working  hypotheses 
must  be  made  with  the  greatest  reservation. 

The  summative  analyses  of  the  eight  samples  of 
tropical  woods  indicate  that  their  chemical  composi¬ 
tion  is  quite  different  from  that  of  our  native  hard¬ 
woods.  Whereas  the  alpha-cellulose  content  falls 
within  a  range  often  found  in  North  American 


angiosperms,  the  lignin  content  is  often  significantly 
higher  and  the  hemicellulose  content  is  frequently 
lower  than  that  of  the  hardwoods  of  the  United 
States.  In  fact,  in  lignin  and  hemicellulose  content, 
the  tropical  woods  show  a  (superficial)  resemblance 
to  our  native  conifers,  especially  in  lignin,  acetyl, 
and  hemicellulose  contest. 

Even  a  cursory  exploration  of  the  extractives  con¬ 
tent  of  a  few  of  these  woods,  however,  permits  the 
analyst  to  make  certain  predictions  regarding  their 
probable  resistance  to  fungal  and  insect  attack.  Be¬ 
cause  of  the  tannin  content  and  absence  of  starch, 
Manilkara  bidentata  woods  (both  from  Puerto  Rico 
and  from  Surinam)  should  be  durable,  resisting 
both  decay  and  insect  attack.  Our  analytical  data  are 
insufficient  to  indicate  whether  or  not  these  woods 
would  be  resistant  to  the  degradations  of  the  marine 
borer. 

Licaria  wood  should  also  fall  sharply  into  the 
class  of  insect-  and  fungus-resistant  woods.  This 
a  priori  judgment  is  stren^hened  by  the  high  lignin 
content  and  the  low  hemicellulose  content.  Provided 
the  present  hypothesis  regarding  the  protective 
action  of  silica  in  wood  against  the  marine  borer  is 
justified,  then  Ucaria,  which  is  extremely  low  in 
ash,  would  certainly  not  be  protected  by  virtue  of 
any  silicates.  Tabebuia  guayacan  contains  no  tannins 
and  gave  only  a  slight  test  for  starch.  It  contains 
lapachol  which,  because  of  its  phenolic  nature  and 
quinone  structure,  should  serve  to  render  the  wood 
resistant  both  to  insect  and  fungal  attack.  Judging 
from  the  relatively  low  ash  content  of  the  wood,  no 
marked  resistance  to  the  marine  borer  would  be  ex¬ 
pected,  unless  extractives  furnish  such  protection. 

Our  analytical  data  throw  little  light  on  the  prob¬ 
able  durability  of  Pseudosamanea  guachapele.  This 
bulky,  fibrous  wood  contains  starch,  and  no  tannins; 
its  nitrogen  content  is  relatively  high.  These  would 
militate  strongly  against  its  durability.  On  the  other 
hand,  it  contains  about  13  percent  unexplored  ex¬ 
tractives,  a  part  of  which  may  be  phenolic.  Hence, 
our  data  contribute  nothing  either  pro  or  con.  The 
ash  content  was  not  very  high  and,  from  the  silica 
analysis  made  at  Yale,  there  is  little  a  priori  evi¬ 
dence  that  this  wood  would  be  teredo  resistant, 
unless  the  extractives  function  as  inhibitors. 

On  the  basis  of  our  analyses  alone,  no  judgments 
can  be  made  regarding  the  durability  of  Ocotea 
rubra,  which  contains  small  amounts  of  steam-vola¬ 
tile  material  (but  which  contains  no  tannins  and 
some  starch).  Preliminary  reports  from  Yale  indi¬ 
cate  that  this  wood  is  resistant  to  the  marine  borer. 
This  resistance  is  evidently  not  due  to  siliceous 
matter  because  this  wood  has  a  low  ash  content.  It 
is  <juite  possible  however,  that  some  extractive  may 
be  in  part  responsible  for  this  resistance. 

The  ether  extractives  of  Ocotea  are  very  interest¬ 
ing  and  deserve  a  much  closer  study.  The  wax-like 
substance  found  among  the  ether  extractives  may 
account,  in  part  at  least,  for  the  very  slow  rate  of 
moisture  absorption  by  the  heartwood. 
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Cordia  allidora  contains  small  amounts  of  a  fra¬ 
grant  essential  oil,  no  tannin,  and  some  starch,  and 
a  relatively  high  nitrogen  content.  Judging  from 
these  components,  the  wood  may  or  may  not  be 
durable.  Analytic  results,  per  se,  throw  little  light  on 
this  subject.  Despite  its  relatively  high  ash  content, 
there  is  no  evidence  at  hand  that  it  would  be  resist¬ 
ant  to  the  teredo. 

Courbaril,  containing  both  tannin  and  starch, 
might  vary  in  its  resistance  to  insect  or  fungal  attack 
(depending  on  the  variation  in  the  content  of  these 


The  use  of  these  woods  in  wood  distillation,  if 
acetic  acid  is  to  be  recovered,  is  not  indicated.  On 
the  other  hand,  their  methoxyl  contents  are  suffi¬ 
ciently  high  to  warrant  recovery  of  methanol  and, 
in  such  dense  woods  as  Licaria  cayennensis  and 
Mantlkara  bidentata,  charcoal  resulting  from  wood 
distillation  might  prove  interesting. 

The  exploration  of  extractives  from  certain  of  the 
tropical  woods  as  insecticides  or  fungicides  might 
also  be  warranted. 


Table  21 


Specific  gravity 
(green  volume 


Wood  basis) 

Pseudosamanea  gttachapele _ _ _  0.66 

Ocotea  rubra _  0.66 

Yellow  birch  (Betula  lutea) _  0.66 

Chestnut  oak  (Quercus  montana) _ _ _  0.67 

Beech  (Fagus  grandi/olia) _  0.66 


*Data  of  Freeman  and  Peterson  on  heartwood. 

extractives).  Its  ash  content  is  relatively  high,  but 
silica  data  obtained  at  Yale  would  indicate  that  this 
component  is  very  low,  and  there  is  no  a  priori 
evidence  that  it  would  be  teredo  resistant. 

In  view  of  the  actual  laboratory  findings  given  in 
a  previous  section  by  the  entomologist  of  The  Insti¬ 
tute  of  Paper  Chemistry,  these  a  priori  judgments 
regarding  the  various  tropical  woods  are  of  interest. 

With  the  present  paucity  of  data,  it  is  impossible 
to  correlate  the  interest  shrinkage  data  obtained  at 
Yale  with  any  specific  chemical  component  of  these 
woods.  However,  the  following  tabulated  data  may 
be  of  some  interest. 

It  will  be  noted  that  the  two  tropical  woods, 
which  have  approximately  the  same  specific  gravity 
as  the  three  native  woods,  show  both  'lower  volu¬ 
metric  shrinkages  and  lower  holocellulose  contents. 
Only  extensive  data  on  a  large  number  of  tropical 
and  native  woods  handled  statistically  can  show 
whether  this  relationship  is  valid  or  due  to  happen¬ 
stance. 

The  high  lignin  content  and  relatively  low  hemi- 
cellulose  contents  of  at  least  four  of  these  tropical 
woods  (i.e.,  I,  III,  VI,  and  VIII)  would  militate 
against  their  use  in  chemical  pulping.  Even  the  pro¬ 
duction  of  dissolving  pulps  (which  rely  on  a  rela¬ 
tively  high  alpha-cellulose  content,  and  which  are 
used  for  conversion  into  rayon,  cellophane,  and  cel¬ 
lulose  esters  and  ethers)  would  not  be  indicated.  Of 
the  remaining  woods,  only  VII  (despite  its  high 
extractive  content)  might  prove  interesting  because 
of  its  low  lignin  and  "normal”  hemicellulose  con¬ 
tent.  However,  no  positive  statements  regarding  the 
usefulness  of  any  tropical  woods  for  pulping  pur¬ 
poses  can  be  made  without  actual  pulping  experi¬ 
ments. 


Holocellulose 

Volumetric  (ovendry,  unex- 
shrinkage,  tracted  wood  basis). 


percent 

percent 

Comment* 

7.6 

60.3 

Holocellulose  taken  as  sum  of  the  per¬ 
centages  hemicellulose.  acetyl  and 
alpha-celluloee 

11.6 

61.1 

Ditto 

16.7 

72.6 

76.46* 

Holocellulose  by  direct  determination 
(U.  S.  Forest  Products  Lab.) 

16.7 

76.7 

Ditto 

16.3 

76.7 

76.85* 

Ditto 

Recommendations  for  Future  Work 

After  conference  with  Dr.  Wangaard  of  the  Yale 
School  of  Forestry,  it  is  proposed: 

(1)  To  make  a  complete  analytical  study  of  the 
neartwood  of  the  following  woods: 

Dicorynia  paraensis  ("Angelique”) 

Couratari  sp.  ("Tanary”) 

Eschtveilera  sagotiana 
Tectona  grandis  (teak) 

Swietenia  macrophylla  (mahogany) 

and  of  a  limited  number  of  other  woods  which  have 
been  found  resistant  to  Teredo  navalis,  with  the 
objective  of  uncovering  possible  wood  components 
to  which  this  resistance  is  due. 

(2)  To  make  a  more  detailed  study  of  the  ash  of 
these  woods  (possible  spectrographic  analyses). 

(3)  To  extend  the  investigations  of  the  extrac¬ 
tives  of  Ocotea  rubra,  which  apparently  have  a  bear¬ 
ing  on  the  water  sorption  of  the  wood  and,  possibly, 
on  its  Teredo  resistance. 

(4)  To  expose  blocks  of  these  woods  to  the 
wood-boring  larvae  of  certain  destmctive  insects 
(e.g.,  cadelle — Tenebroides  mauritanicus )  to  obtain 
data  on  their  durability  with  regard  to  insect  attack. 

(5)  To  study  the  possible  insecticidal  effects  of 
extractives  from  these  woods  on  such  insects. 
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Discussion 

Carl  de  Zeeuw  (New  York  State  College  of  For¬ 
estry)  :  Do  you  know  whether  Dr.  Wise  is  planning 
to  expand  the  study  to  include  new  species  and  also 
analysis  for  other  components? 

Irving  H.  Isenberg  (Institute  of  Paper  Chem¬ 
istry)  :  The  paper  is  a  report  of  the  work  as  of  June 
1950.  Additional  species  have  been  analyzed  since 
then  and  will  be  published.  Determa  ( Ocotea 
rubra)  has  shown  a  considerable  amount  of  waxy 
extraneous  component  and  other  species  may  give 
‘interesting  extractives  also. 

F.  F.  Wangaard  (Yale  School  of  Forestry) :  I  am 
impressed  with  the  relationship  between  chemical 
composition  as  reported  and  certain  physical  and 
mechanical  properties.  For  example,  the  paper  de¬ 
scribes  the  nnding  of  a  considerable  quantity  of  an 
extraneous  waxy  component  in  Determa  (Ocotea 
rubra).  Our  studies  have  shown  this  species  to  be 
exceptionally  slow  in  seasoning. 

Dr.  Isenberg:  Other  relationships  may  also  be 
found.  It  appears  that  the  holocellulose  content  may 
be  related  to  volumetric  shrinkage. 

Mr.  X:  Given  woods  of  a  definite  specific 
gravity,  is  there  a  possible  correlation  between 
volumetric  shrinkage  and  lignin  or  holocellulose 
content? 

L.  E.  Wise  (Institute  of  Paper  Chemistry) :  The 
number  of  cases  is  so  small  that  any  possible  corre¬ 
lation  must  be  pointed  to  with  due  reservation.  The 
tropical  woods  Pseudosamanea  guachapele  and 
Ocotea  rubra,  having  a  specific  gravity  of  0:56 
(green  volume  basis)  and  60.3  and  61.1  percent 
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holocellulose,  respectively,  showed  a  far  lower  volu¬ 
metric  shrinkage  than  did  yellow  birch,  chestnut  oak 
and  beech  (specific  gravities  0.55-0.57)  the  holo¬ 
cellulose  contents  of  which  ranged  from  72.5  to 
76.85  percent.  Teak  also  showed  both  a  very  low 
volumetric  shrinkage  and  a  very  low  holocellulose 
content. 

Mr.  X:  Do  these  woods  show  marked  resistance 
to  wood  boring  insects  such  as  the  cadelle  larvae)  ? 

Mr.  Wise:  Most  of  the  woods  remain  unattacked 
by  Tenebroides  mauriticanus  linn  for  relatively  long 
periods  except  in  the  case  of  Cordia  alliodora  and 
Pseudosamanea  guachapele. 

Mr.  X:  Are  the  ash  components  of  these  woods 
of  marked  practical  interest;  e.g.  Licaria  cayen- 
nensis. 

Mr.  Wise:  Since  the  paper  was  written,  ash  com¬ 
ponents  were  studied  spertographically  and  certain 
interesting  relationships  between  the  eight  tropical 
wood  ashes  and  those  of  our  native  hardwoods  were 
noted;  whereas  all  of  the  ashes  of  hardwoods  of  the 
U.  S.  A.  examined  at  the  Institute  showed  strong 
potassium  lines,  those  of  the  tropical  woods  often 
showed  weak  or  at  most,  medium,  for  potassium. 
Licaria  cayennensis  contained  surprisingly  little 
total  ash  {ca.  0.025  percent).  Whether  this  is  the 
case  with  only  the  one  specimen  examined  by  us, 
or  is  characteristic  of  other  specimens  is  still  unde¬ 
termined.  A  number  of  woods  not  included  in  the 
present  study  which  are  high  in  SiOg  are  resistant 
to  marine  borers.  However,  Ocotea  rubra  which  is 
also  borer-resistant,  is  low  in  SiOj;  thus  illustrating 
the  danger  of  generalization. 


TECHNICAL  SESSION  X— Fri.,  May  11,  1951,  9:00  A.  M, 

General  Subjert:  Glues  and  Gluing — Getting  Better  Results  with  Present  Materials 
Co-Sponsor:  Society  of  the  Plastic  Industry 
Chairman:  James  F.  Hamilton — Recorder:  Don  Redfern 


Glue  Line  Doctor' 

Alan  A.  Marra,  Research  Engineer,  Engineering  Research  Institute,  University  of  Michigan 


Glue  is  depicted  as  living  maner  having  certain  life  Mocesses  to  accomplish  as  it  develops  to  a  bond.  The  ^owth  is 
influenced  by  analogous  environmental  and  climatic  conditions  which  affect  its  strength  and  integrity  during  its  adult 
life  as  a  bond.  Certain  visible  charaaeristics  are  thus  imparted  to  a  glue  line  and  these  are  usable  for  diagnosis  of 
difficulties.  Treatments  are  recommended  to  alleviate  the  observed  symptoms. 


Introduction 

Statements  frequently  found  in  use-instructions 
for  adhesives  illustrate  a  need  for  some  means  of 
appraising  the  performance  of  an  adhesive  during 
the  production  of  glued  constructions:  "Shorter  as¬ 
sembly  times  should  be  observed  with  dry  stock.” 
"Increase  the  spread  when  veneer  is  rough.”  "For 
increased  durability  decrease  the  amount  of  flour  ex¬ 
tension.”  "Increase  the  pressure  for  denser  species.” 
"Joint  surfaces  should  be  properly  machined  and 
free  from  contaminations.” 

Each  statement  also  illustrates  lack  of  certain  defi¬ 
nite  information  and  gives  rise  to  obvious  ques¬ 
tions:  How  dry  is  dry  stock?  How  long  is  a  shorter 
assembly  time?  What  is  durability  and  how  do  ex¬ 
tenders  and  fortifiers  affect  it  in  the  various  con¬ 
structions  and  end  uses?  How,  in  fact,  is  durability 
affected  by  variations  in  gluing  technique  with  the 
same  formulation?  How  does  pressure  operate  on  a 
glue  line  and  what  is  the  actual  work  done  by  it? 
When  is  a  joint  surface  in  suitable  condition  for 
gluing  both  as  to  its  topography  and  its  chemical 
characteristics  ?  These  and  many  other  questions  are 
blocking  the  road  to  continuous  successful  use  of 
wood  adhesives  and  also  to  the  development  of 
improved  formulas. 

Faced  with  such  questions  it  is  little  wonder  that 
the  adhesive  user  is  led  to  make  the  rounds  of  the 
market  in  search  of  the  ideal  formulation,  often  at 
great  expense.  Adding  to  his  difficulty  is  the  dearth 
of  information  and  test  methods  which  might  aid 
him  in  appraising  both  the  adhesive,  and  the  man¬ 
ner  and  construction  in  which  it  is  to  be  used. 

Assuming  that  we  must  live  with  this  situation 
for  some  time,  this  paper  will  attempt  to  develop  a 
concept  of  the  bonding  process  which,  though  it 
may  not  answer  specific  questions,  might  help  to 
create  a  better  understanding  of  the  factors  influenc¬ 
ing  the  gluing  operation,  and  thus  lead  to  such  im- 

^  This  paper  is  based  in  part  on  information  obtained  in 
connection  with  a  study  of  the  use  of  adhesives  in  furni¬ 
ture  manufacture  sponsored  by  the  National  Association  of 
Furniture  Manufacturers  through  the  Engineering'  Research 
Institute  of  the  University  of  Michigan  and  the  Depart¬ 
ment  of  Wood  Technology  in  the  School  of  Natural 
Resources. 


provements  as  may  be  indicated.  The  premise  is 
made  that  a  substantial  majority  of  the  wood  adhe¬ 
sives  in  use  today  are  capable  of  adequate  perform¬ 
ance,  within  broad  limits,  provided  they  are  properly 
handled. 

It  is  difficult  if  not  impossible  to  establish  uni¬ 
versal  hard  and  fast  rules  of  operation  for  a  process 
such  as  wood  gluing  in  which  the  factors  affecting 
performance  of  the  glue  are  not  only  numerous  but 
also  interacting.  Moreover,  since  the  combinations 
of  factors  vary  so  greatly  from  plant  to  plant  and 
since  there  is  such  variation  in  the  quality  of  the 
products  manufactured  and  in  the  available  equip¬ 
ment  and  personnel,  the  feasibility  of  specific  rec¬ 
ommendations  would  likewise  vary.  Consequently 
there  is  little  hope  for  an  individual  to  find  written 
down  somewhere  exactly  how  he  should  operate. 
By  learning  how  glue  functions  however,  he  at  once 
becomes  free  to  devise  his  own  procedures  to  best 
suit  his  particular  circumstances. 

The  approach  to  be  taken  is  to  bring  glue  to  life 
and  endow  it  with  certain  life  processes  which  are 
calculated  to  result  in  its  maturation  to  a  bond.  Dis¬ 
orders  thus  develop  as  a  consequence  of  unfavorable 
conditions  and  these  yield  symptoms  which  are  use¬ 
ful  in  diagnosis.  Treatments  may  then  be  prescribed, 
in  accordance  with  good  technical  practice,  to  give 
rapid  relief.  Finally  some  preventive  medicine  is 
offered  to  help  reduce  defective  glue  lines. 

In  previous  work,®  ®  an  attempt  was  made  to  ex¬ 
tend  the  observable  features  of  a  glue  line  into  a 
characterization  system  which  would  permit  the  de¬ 
duction  of  a  large  number  of  factors  whose  effects 
are  capable  of  registering  definite  patterns  in  the 
adhesive  layer.  This  system,  while  by  no  means  in¬ 
fallible  nor  yet  fully  developed  to  cover  all  adhe¬ 
sive  activity,  can  be  a  valuable  production  control 
tool.  It  possesses  the  distinct  advantage  over  other 
methods  of  control  in  the  speed  and  ease  with  which 
observations  are  made,  and  also  in  showing  in  which 
direction  corrective  action  should  be  taken. 


*  Marra,  A.  A.  The  Technology  of  the  Glue  Line  in 
Electronic  Edge-gluing  of  Lumber.  F.P.R.S.  Proceedings, 
1948. 

•  - Manual  of  Gluing.  Sponsored  by  National 

Association  of  Furniture  Manufacturers,  1950. 
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The  Living  Nature  of  Adhesives 

In  order  to  understand  the  functioning  of  an 
adhesive,  and  therefore  the  methods  for  controlling 
its  activity,  it  has  been  found  helpful  to  visualize  it 
as  living  matter,  matter  which  must  perform  certain 
life  processes  in  developing  to  a  bond.  A  number 
of  evolutionary  forces  acting  during  the  formative 
stages  of  its  life,  may  therefore  be  expected  to  shape 
its  character  and  determine  the  integrity  with  which 
it  will  maintain  its  position  during  its  adult  life  as 
a  bond. 

As  previously  depicted-  ®  the  life  processes  of  an 
adhesive  bond  are: 

1.  Flow  to  a  continuous  film. 

2.  Transfer  to  the  opposite  unspread  surface. 

3.  Penetrate  the  pores  of  the  wood. 

4.  Wet  the  wood  substance. 

5.  Solidify  to  a  strong  mass. 

The  conditions  under  which  these  processes  take 
place,  likened  to  those  of  a  growing  person,  are: 

Heredity — the  type  and  form  of  the  adhesive  such 
as  liquid  or  powdered  urea,  phenol,  casein,  or 
starch.  These  determine  the  basic  characterist¬ 
ics  of  the  adhesives  and  how  they  will  respond 
broadly  to  conditions  of  use. 

Environment — the  wood  species  and  the  manner 
m  which  it  has  been  prepared  for  gluing,  the 
topography  and  the  proximity  of  the  opposite 
sides  of  the  joint,  the  cleanness  of  the  surfaces 
and  the  attractive  forces  free  to  unite  with  those 
of  the  adhesive. 

Climate — the  moisture  content  of  the  wood,  the 
temperature  and  the  pressure  applied. 

Nourishment — the  solvents,  fillers,  fortifiers,  and 
dispersing  agents  added  during  mixing. 

Stimuli — catalysts,  heat,  and  plasticizer. 

Demoralizing  Influences — the  dirt,  grease,  wax, 
deposited  on  wood  surfaces  prepared  for  glu¬ 
ing,  contaminants  and  extenders  placed  in  the 
adhesive,  faulty  equipment  for  spreading  and 
pressing. 

Disease — polymerization  or  breakdown  of  the  ad¬ 
hesive  during  storage  and  during  its  pot  life. 
Improper  mixing  i.e.  lumps,  weighing  errors, 
loss  of  solvent  during  spreading,  precuring  or 
drying  before  pressing,  bleed-through,  squeeze- 
out. 

Death — the  degradation  due  to  moisture,  heat 
softening,  corrosion,  and  fungi,  the  stress  im- 
^posed  on  the  joint  as  a  result  of  shrinking  and 
swelling  of  the  wood. 

It  is  seen  that  an  adhesive,  in  forming  a  com¬ 
plete  bond,  must  go  through  several  life  processes 
under  varying  environmental  conditions.  Since  most 
of  the  growth  of  an  adhesive  bond  occurs  under  the 
guidance  of  the  user,  it  is  understandable  why  adhe¬ 
sive  manufacturers  usually  refrain  from  guaranteeing 
satisfactory  results  from  the  use  of  their  products. 


It  therefore  falls  to  the  user  to  learn  how  to  con¬ 
trol  the  behavior  of  an  adhesive  and  obtain  full 
advantage  of  its  properties. 

The  Structure  of  a  Bond 

In  maturing  to  a  strong  bond,  the  adhesive  must 
develop  full  strength  in  five  different  areas,  each 
calling  for  a  specific  action  by  the  various  compo¬ 
nents  of  the  adhesive.  Weakness  in  any  one  area 
means  loss  of  strength  of  the  entire  bond  similar  to 
the  weakest  link  in  a  chain.  Regarding  these  areas 
as  links  they  are: 

1.  The  wood  and  its  inherent  structural  condition 
on  one  side  of  the  joint. 

2.  The  interface  between  wood  and  adhesive  on 
that  side  of  the  joint. 

3.  The  glue  film. 

4.  The  interface  between  wood  and  adhesive  on 
the  other  side  of  the  joint. 

5.  The  wood  and  its  inherent  structural  condi¬ 
tion  on  the  other  side  of  the  joint. 

The  Adhesive  Film 

The  center  part  of  a  bond,  most  easily  recognized, 
is  the  adhesive  film.  Its  strength  accrues  somewhat 
from  hereditary  characteristics  imparted  by  virtue  of 
its  composition.  These  involve  primarily  the  cohe¬ 
sive  forces  which  hold  the  material  together,  and 
which  must  therefore  be  strong  enough  to  hold  the 
wood  members  together.  Oddly  enough  the  thinner 
the  adhesive  layer,  the  stronger  it  is  likely  to  be. 
The  environmental  condition  of  proximity  of  the 
surfaces,  previously  mentioned,  therefore  influences 
strongly  this  characteristic. 

One  of  the  sources  of  weakness  of  this  part  of 
the  bond  is  air  bubbles.  These  usually  arise  in  the 
mixing  and  spreading  operation  as  the  result  of 
beating  or  cleaving  air  into  the  mixture,  and  as  a 
result  of  dissolving  action  on  powders.  If  they  are 
allowed  to  remain  in  the  glue  line  while  the  adhe¬ 
sive  hardens,  the  strength  is  proportionately  re¬ 
duced.  The  only  means  of  removing  air  bubbles 
from  the  glue  line  is  by  the  pressure  applied  to  the 
assembly.  Hence  pressure,  listed  under  climate,  is 
one  of  the  forces  which  promote  the  solidarity  of 
the  adhesive  film.  It  follows  therefore  that  the  pres¬ 
ence  of  bubbles  in  a  cured  glue  line  is  evidence 
that  it  has  received  insufficient  pressure.  While  this 
is  often  a  feature  of  microscopic  dimensions,  it  does 
provide  a  clue  to  the  history  of  this  factor  in  the 
life  of  the  bond. 

At  this  point  it  is  well  to  consider  the  total  work 
done  by  pressure.  Not  all  the  pressure  applied  to  an 
assembly  reaches  the  glue  line  to  function  as  de¬ 
scribed  above,  and  to  perform  several  other  duties 
of  benefit  to  the  adhesive  such  as  aiding  in  penetra¬ 
tion.  The  pressure  applied  to  an  assembly  is  con¬ 
sumed  in  four  different  ways: 

1.  To  overcome  friction  in  the  moving  parts  of 
the  equipment. 
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2.  To  bend  the  wood  members  into  juxtaposition. 

3.  To  compress  high  spots  on  the  joint  surfaces. 

4.  To  impose  a  hydrostatic  pressure  on  the  adhe¬ 
sive  film. 

Only  the  fourth  component  participates  in  the  be¬ 
havior  of  the  adhesive,  and  since  this  fourth  com¬ 
ponent  is  the  last  to  develop  in  a  normal  gluing 
procedure  the  others  must  first  be  satisfied.  An 
observation  therefore  that  indicates  insufficient  pres¬ 
sure  on  the  adhesive  film  must  direct  suspicion  not 
only  at  the  amount  applied  to  an  assembly  as  reg¬ 
istered  by  the  pressure  gauge,  but  also  to  the  possi¬ 
bility  that  the  press  may  be  out  of  adjustment,  that 
the  joint  surfaces  may  be  uneven  or  poorly  ma¬ 
chined,  or  that  the  wood  may  be  badly  warped.  It  is 
often  possible  by  a  series  of  observations  to  deduce 
where  the  pressure  has  gone,  particularly  when  one 
of  the  components  has  predominated.  For  instance, 
if  it  is  observed  by  the  solidity  of  the  glue  film  that 
the  fourth  component  has  functioned  along  one 
entire  side  of  a  lumber  edge-joint  and  not  at  all 
upon  the  other  side,  then  the  joint  edges  were  prob¬ 
ably  machined  out  of  square.  Similar  considerations 
indicate  w'hether  there  has  been  a  moisture  change 
after  machining  or  whether  the  surfaces  were  un¬ 
usually  rough.  When  pressure  has  been  improperly 
applied  through  faulty  mechanism,  defects  will  ap¬ 
pear  consistently  in  certain  areas. 

Bubbles  in  the  adhesive  film  also  develop  in  edge¬ 
gluing  with  electronic  power.  This  is  due  to  the 
very  rapid  rise  in  temperature  which  not  only  ex¬ 
pands  the  entrapped  air  but  also  vaporizes  glue 
water.  The  concomitant  rapid  curing  of  the  adhe¬ 
sive  does  not  permit  the  escape  of  these  air  pockets 
and  they  remain  in  the  glue  line.  The  end  point  of 
this  process  may  often  be  visible  to  the  unaided  eye 
as  a  frothy  mass  in  the  joint  and  should  be  regarded 
with  suspicion. 

Extenders  which  have  been  added  to  cheapen  an 
adhesive  mixture  are  another  source  of  weakness  in 
the  adhesive  layer.  They  impart  no  adhesive  prop¬ 
erties  but  dilute  the  adhesive  and  render  it  not  only 
less  capable  of  tolerating  certain  environmental  con¬ 
ditions  during  its  growth  into  a  bond,  but  also 
render  it  more  susceptible  to  destruction  during  its 
service  life. 

Much  has  been  said  about  thick  glue  lines.  Yet 
no  one  knows  what  is  the  permissible  thickness  of 
glue  lines  for  wood  constructions.  There  is  some 
justification  for  the  thought  that  the  thickness  of 
the  adhesive  film  is  of  less  importance  than  the  lack 
of  pressure  which  caused  it,  because  associated  with 
thickness  are  all  the  evil  influences  which  make  for 
weakness,  such  as  poorly  fitting  joints,  rough  sur¬ 
faces,  and  eccentric  clamping.  It  may  perhaps  be 
stated  that  there  is  no  maximum  thickness  allowance 
covering  all  uses  but  rather  a  dependence  upon  the 
type  of  adhesive  and  the  nature  of  the  construction. 
In  some  constructions  as  for  example  aircraft  pro¬ 
pellers  and  laminated  bowling  pins,  any  readily  vis¬ 


ible  thickness  may  be  too  great.  On  the  other  hand, 
mortise  and  tenon  joints,  spline  joints  and  low  grade 
plywood  often  have  glue  lines  one  to  several  hun¬ 
dredths  of  an  inch  in  thickness. 

In  any  case  it  is  good  practice  to  distrust  all  glue 
lines  which  are  greater  than  0.010  inch  in  thickness, 
particularly  if  there  is  considerable  variation  present 
and  more  particularly  if  there  are  voids  in  the  joint. 
Measures  taken  to  reduce  glue  line  thickness  will 
usually  result  in  improved  performance  of  the 
adhesive. 

The  Interface  Between  Adhesive  and  Wood 

Having  considered  the  characteristics  of  the  adhe¬ 
sive  film,  some  thought  may  be  given  to  the  means 
by  which  it  anchors  itself  to  the  wood  substance. 
This  is  the  most  obscure  phase  of  the  bond.  The 
complete  theory  remains  to  be  developed  and  there 
is  considerable  speculation  as  to  what  actually  takes 
place  at  this  juncture.  Two  possibilities  have  been 
debated  at  great  length,  one  involving  the  flow  of 
the  adhesive  into  the  pores  and  interstices  of  the 
wood  and  upon  setting,  locking  itself  in  place;  the 
other  involving  chemical  forces  residing  in  the  adhe¬ 
sive  molecules  and  in  the  surface  molecules  of  the 
wood  which  attract  each  other  w'ith  great  power. 
The  former  is  termed  mechanical  adhesion  since  it 
is  similar  to  a  dove-tail  type  of  fastening;  the  latter 
is  called  chemical  (also  specific)  adhesion  because 
of  the  chemical  forces  which  are  brought  into  action. 

Both  mechanical  and  chemical  adhesion  undoubt¬ 
edly  play  an  important  role  in  wood  gluing.  They 
occur  in  differing  degree  in  nearly  all  bonds,  varying 
greatly  in  different  types  of  adhesives  and  also  with¬ 
in  any  one  type  depending  upon  use  conditions. 
With  some  adhesives  mechanical  adhesion  may  be 
the  major  factor  and  with  others  chemical  adhesion. 
Some  use  conditions  favor  the  development  of  the 
mechanical  part  of  the  bond,  others  the  chemical. 
One  surface  of  a  joint  may  have  a  strong  chemical 
bond  while  the  other  is  largely  mechanical,  the  pro¬ 
portion  being  affected,  for  instance,  by  which  sur¬ 
face  was  spread  with  adhesive,  and  the  length  of 
time  elapsed  before  pressure  was  applied.  With 
resin  adhesives  which  are  normally  favorable  to 
chemical  adhesion,  this  action  may  be  greatly  inhib¬ 
ited  by  extenders,  over-catalysis,  excessively  long 
assembly  time  and  advanced  age  of  the  adhesive  mix. 
Chemical  adhesion  is  also  greatly  influenced  by  the 
treatment  a  wood  surface  has  received  prior  to  glu¬ 
ing.  Burnishing  by  dull  tools  and  sandpaper,  exces¬ 
sive  heating,  dirt,  grease  and  wax  all  reduce  the 
chemical  adhesion  portion  of  the  bond.  There  is  a 
strong  probability  that  the  difficulty  of  gluing  cer¬ 
tain  species  of  wood  such  as  teak  and  heart  gum 
stems  from  an  incompatibility  of  these  woods  with 
the  chemical  type  of  adhesion.  This  action  is  closely 
associated  with  the  wetting  properties,  later  dis¬ 
cussed,  of  both  the  wood  and  the  adhesive. 

It  is  often  possible  to  observe  when  one  or  the 
other  phase  is  predominating  in  a  given  bond. 
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Chemical  adhesion  is  considered  to  contribute  the 
major  strength  to  a  bond,  and  since  it  is  sensitive 
to  the  environmental  conditions  mentioned,  means 
of  rapid  evaluation  of  these  factors  would  not  only 
predict  the  integrity  of  the  bond  but  might  lead  to 
the  offending  element  responsible  for  the  weakness. 

The  Wood 

An  adhesive  bond  owes  a  great  deal  of  its  appar¬ 
ent  strength  to  the  material  being  bonded.  Many 
an  adhesive  has  been  condemnt  1  -^cause  of  failure 
to  take  into  account  the  effect  of  tnis  factor.  In  addi¬ 
tion  to  the  boundary  effects  discussed  in  the  previous 
section,  the  influence  of  this  factor  is  evidenced 
immediately  beneath  the  surface  and  in  some  cases 
throughout  the  lamination. 

It  is  almost  impossible  to  machine  wood  without 
injury  to  the  fibers  for  some  distance  below  the  sur¬ 
face.  Planers,  which  are  considered  to  produce  the 
best  joint  surfaces  for  gluing,  may  nevertheless  cause 
considerable  damage  to  the  wood.  The  pounding  of 
the  knives  and  the  shearing  forces  exerted  as  they 
pass  through  the  wood,  crush  or  otherwise  deform 
the  fibers  beneath  the  cut.  The  extent  of  this  defor¬ 
mation  depends  upon  a  number  of  factors  such  as 
species,  grain  direction,  sharpness  and  speed  of  the 
knives,  depth  of  cut,  knife  angle,  and  pressure  of 
the  feed  rolls.  Although  a  microscope  is  required  to 
observe  the  ruptures  produced,  the  fact  that  they 
occur  in  one  plane,  makes  their  effect  cumulative 
in  weakening  a  bond. 

In  sawn  joints,  rupture  of  the  wood  fibers  at  or 
below  the  surface  is  often  much  more  severe  because 
the  cutting  action  is  more  in  the  nature  of  ripping 
or  tearing.  Veneer  also  is  subject  to  weakness  at  the 
surface,  particularly  on  the  "open”  side  of  rotary 
cut  veneer.  This  results  from  the  action  of  the  lathe 
knife  and  nose  bar.  At  the  point  where  the  veneer 
separates  from  the  log,  there  is  considerable  bend¬ 
ing  and  shearing  across  the  grain  which  produces 
checks  diagonally  across,  and  extending  part  way 
through  the  thickness  dimension.  When  this  surface 
becomes  part  of  a  joint,  it  is  likely  to  pull  away 
from  the  rest  of  the  veneer  when  relatively  low 
stresses  are  placed  on  the  bond  in  certain  directions. 
Bethel  and  Huffman*  have  called  attention  to  the 
erratic  and  unreliable  results  that  can  be  obtained  in 
conducting  the  plywood  tensile  shear  test  when 
notching  of  the  specimen  is  done  without  consider¬ 
ing  the  direction  of  these  lathe  checks. 

The  gluing  of  composition  boards  such  as  those 
made  of  chipped  or  fiberized  material  presents  sim¬ 
ilar  considerations  since  they  are  inherently  rather 
weak  in  tension.  Special  care  must  be  exercised  in 
order  to  develop  the  greatest  bond  strength  when 
any  of  these  products  forms  one  of  the  links  of  a 
joint.  This  is  generally  true  in  gluing  most  low 

*  Bethel  and  Huffman,  Influence  of  Lathe  Check  Orienta¬ 
tion  on  Plywood  Shear  Test  Results.  Technical  Report 
No.  1,  School  of  Forestry,  North  Carolina  State  College, 
April  1950. 


density  materials.  It  reaches  great  importance  in  the 
rapidly  growing  field  of  sandwich  constructions. 

When  a  bond  is  to  be  formed  in  an  environment 
of  weakness,  the  adhesive  must  do  more  than  asso¬ 
ciate  itself  with  the  extreme  surface  elements.  To 
do  this  is  to  invite  the  shallow  fiber  failures  of  the 
n’er-do-well  bond.  In  order  to  purchase  strength, 
the  adhesive  must  infiltrate  through  and  beyond  the 
surface  layers.  By  this  action  it  accomplishes  three 
things:  (1)  it  reinforces  the  ruptured  or  otherwise 
weak  area  in  the  vicinity  of  the  joint,  (2)  it  obtains 
anchorage  in  the  sounder  material  within,  and  (3)  a 
varying  depth  of  adhesive  penetration  serves  to  dis¬ 
tribute  stresses  at  different  planes  in  the  wood  and 
thus  delay  their  accretion  to  the  danger  point. 

A  final  consideration  with  respect  to  the  effect  of 
the  wood  on  the  development  of  a  bond :  some  adhe¬ 
sives  are  capable  of  destroying  the  wood  they  set  out 
to  bond.  Certain  chemicals  incorporated  in  the  adhe¬ 
sive  for  the  purpose  of  stimulating  or  otherwise  in¬ 
fluencing  its  behavior  may  be  injurious  to  wood  and 
over  a  period  of  time  may  corrode  and  weaken  this 
link  in  the  joint.  Adhesive  manufacturers  are  con¬ 
tinually  on  guard  against  such  activity,  however, 
since  some  service  conditions  encourage  degradation 
of  this  type  it  is  well  to  be  aware  of  the  dangers. 

Wood  also,  is  perpetually  trying  to  throw  off  the 
grip  of  the  adhesive.  By  its  constant  shrinking  and 
swelling  in  response  to  changes  in  moisture  content, 
stresses  are  created  in  opposition  to  the  pull  of  the 
adhesive.  There  then  develops  the  death  struggle 
of  the  bond  in  which  the  severest  cases  involve  com¬ 
pound  effects  of  weakening  of  the  wood  by  chem¬ 
icals  in  the  adhesive,  weakening  of  the  adhesive  by 
atmospheric  conditions,  and  loosening  of  the  grip 
by  shrinking  and  swelling  of  the  joint.  The  evalua¬ 
tion  of  bonded  constructions  should  therefore  be 
conducted  in  such  manner  as  to  ensure  the  isolation 
of  each  effect. 

The  Development  of  a  Bond 

Having  seen  what  an  adhesive  has  to  do  and  the 
environment  in  which  it  must  function,  it  may  now 
be  observed  how  an  adhesive  goes  about  the  business 
of  forming  a  bond. 

After  the  glue  has  been  applied  to  the  wood  and 
the  surfaces  brought  into  contact,  it  must  perform 
several  actions,  both  physical  and  chemical,  before 
a  strong  bond  can  result.  It  must  (1)  flow  into  a 
continuous  film  (2)  transfer  to  the  unspread  sur¬ 
face  (3)  penetrate  both  surfaces  (4)  wet  the  wood 
substance  at  both  surfaces,  and  (5)  solidify  to  a 
strong  mass. 

In  performing  these  actions  the  adhesive  is  merely 
attempting  to  get  into  all  the  little  pores  and  crev- 
.  ices  at  both  surfaces  of  a  joint  and  establish  as  much 
grip  as  possible  before  the  curing  or  drying  process 
stops  the  activity.  Note  that  the  first  three  actions 
involve  motion  and  consequently  depend  upon  the 
mobility  of  the  adhesive  and  all  the  factors  that  in¬ 
fluence  mobility.  (The  term  mobility  will  hence- 


260 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


forth  be  used  in  referring  to  these  three  actions  col¬ 
lectively).  The  fourth  action  depends  upon  a  com¬ 
bination  of  mobility,  chemical  nature,  and  molecular 
structure  of  the  adhesive  and  also  upon  the  condi¬ 
tion  of  the  wood  surface.  The  fifth  action  depends 
largely  upon  the  compounding  of  the  adhesive  mix¬ 
ture  and  of  course  upon  such  climatic  factors  as 
temperature  and  moisture  conditions  which  affect 
the  rate  and  degree  of  hardening. 

The  extent  to  which  each  of  the  five  actions  has 
progressed  determines  to  a  large  degree  the  quality 
of  the  resulting  bond.  Certain  operating  factors 
affect  these  actions  and  register  on  the  glue  line  in 
characteristic  patterns.  In  analyzing  a  joint,  recog¬ 
nition  of  the  adhesive  pattern  developed  can  there¬ 
fore  often  lead  to  the  answers  to  many  gluing 
problems. 

While  an  adhesive  appears  to  have  a  number  of 
complicated  actions  to  perform,  it  functions  method¬ 
ically  in  performing  them,  that  is,  the  actions  occur 
in  sequence.  As  curing  of  the  adhesive  stops  or' 
"freezes”  the  action  at  any  point  in  the  sequence,  a 
definite  pattern  results.  The  patterns  do  however 
grade  in  either  direction  but  this  usually  does  not 
obscure  the  corrective  treatment  which  may  be 
necessary. 

Flow 

After  an  adhesive  mixture  has  been  applied  to  a 
joint  and  the  pressure  begins  to  increase,  the  glue 
flows  and  redistributes  itself  over  the  surface  accord¬ 
ing  to  high  and  low  spots  and  areas  of  greater  or 
less  pressure.  This  is  the  first  action  which  must  be 
accomplished  and  it  requires  pressure  and  contact 
by  the  joint  surfaces  while  the  glue  is  still  in  a 
fluid  state.  When  an  observation  indicates  that  flow 
has  not  occurred,  the  diagnosis  should  be  either  that 
pressure  was  not  delivered  to  the  glue  line  at  all, 
that  it  came  too  late,  or  that  it  came  briefly  and  then 
was  relieved.  Further  observation  will  often  reveal 
which  was  the  correct  situation.  If  no  pressure  was 
delivered  at  all  the  joint  will  be  open  and  the  glue 
will  be  seen  exactly  as  it  was  spread.  If  it  came  too 
late,  the  glue  will  be  somewhat  compressed  at  the 
high  areas  on  the  joint  surface,  and  there  will  be 
occasional  indentations  made  by  the  hardened  glue 
on  the  unspread  surface  of  the  joint.  In  the  case 
where  the  pressure  came  and  went,  the  glue  line 
will  appear  splotchy  and  irregular  and  some  of  the 
glue  will  be  found  on  both  surfaces. 

There  are  also  instances  where  the  flow  of  the 
glue  may  be  excessive  and  this  can  result  in  the 
familiar  "starving”  of  a  glue  line  by  "squeeze-out”. 
Starving  by  squeeze-out  is  most  likely  to  occur 
where  joint  areas  are  narrow  in  one  or  both  direc¬ 
tions  such  as  in  edge-gluing  of  veneer  or  lumber. 
Diagnosis  of  this  condition  may  lead  cither  to  the 
deduction  that  pressure  was  delivered  too  soon  on 
those  glues  which  require  some  assembly  time,  that 
the  pressure  itself  was  excessive,  or  that  the  glue 
was  mixed  too  fluid.  Since  it  is  difficult  to  deter¬ 


mine  (by  the  appearance  of  the  glue  line)  which 
situation  existed,  it  is  necessary  in  this  case  to  have 
specific  advance  knowledge  in  order  to  deduce  the 
cause  of  the  poor  performance. 

Transfer 

At  the  same  time  that  flow  is  occurring,  the  adhe¬ 
sive  should  also  be  transferring  from  the  spread  to 
the  unspread  surface''  since  this  action,  like  flow,  re¬ 
quires  that  pressure  and  contact  take  place  while  the 
glue  is  still  fluid.  However,  transfer  does  not  always 
accompany  flow.  When  the  glue  has  hardened  to  a 
certain  degree  before  pressure  is  applied,  it  may 
still  have  sufficient  fluidity  to  flow  into  a  film  but 
will  have  lost  the  tackiness  with  which  it  is  attracted 
to  the  opposite  surface.  This  is  familiar  as  the 
"chilled”  joint  that  sometimes  develops  when  hot 
glues  are  used  on  cold  stock. 

Penetration 

After  flow'  and  transfer  have  been  accomplished, 
the  adhesive  should  begin  to  penetrate  into  the 
pores  of  the  wood.  In  order  for  this  action  to  occur, 
the  previous  two  must  first  have  taken  place  and 
again,  pressure  is  the  major  activating  force  coupled 
with  a  suitable  fluidity  of  the  adhesive.  Penetration 
is  an  important  action,  the  control  of  which  is  one 
of  the  critical  points  in  a  gluing  operation.  The 
criticalness  arises  from  the  necessity  for  some  pene¬ 
tration  to  occur  in  order  to  achieve  deep  anchorage 
but  not  so  much  that  the  glue  film  itself  is  depleted. 
Hence  for  each  species  of  wood  with  varying  tend¬ 
ency  to  absorb  glue  there  is  an  optimum  fluidity 
which  will  permit  this  factor  to  operate  at  its  best. 
A  major  point  observed  during  compounding  of  a 
new  adhesive  formulation  is  the  ease  with  which  its 
penetration  characteristics  can  be  adjusted. 

The  degree  of  penetration  observed,  from  one 
extreme  which  causes  "starving”  to  the  other  which 
produces  a  shallow  bond,  reveals  a  number  of  useful 
clues  to  the  functioning  of  the  adhesive.  Over¬ 
penetration  is  brought  on  by  excessive  fluidity,  by 
insufficient  catalyst  which  reduces  the  rate  of  cure 
and  prolongs  the  fluid  period  of  the  adhesive,  fail¬ 
ure  to  observe  minimum  assembly  time  recommen¬ 
dations  during  which  the  glue  might  thicken  and 
prepare  itself  for  the  application  of  pressure,  by 
lack  of  fillers,  and  by  high  moisture  content  of  the 
wood,  particularly  in  hot  pressing  operations. 
Shallow  penetration  is  caused  by  the  reverse  of  these 
factors. 

The  actions  just  described  involve  motion  of  the 
adhesive  en  mass.  Observation  of  these  actions  is 
greatly  facilitated  if  the  glue  begins  its  movement 
from  a  fixed  pattern  such  as  the  series  of  ridges  or 
ribbons  which  results  from  spreading  with  grooved 

*  It  is  common  practice  to  apply  the  adhesive  only  to  one 
surface  of  a  joint.  In  making  observations  on  glue  lines, 
the  most  definite  characteristics  are  found  on  the  unspread 
surface  since  the  adhesive  arrives  and  functions  there 
mainly  in  response  to  conditions  of  the  operation. 
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rollers  or  scrapers.  The  spread  pattern  then  provides 
a  convenient  point  of  reference  for  future  compari¬ 
sons.  Spreading  in  pattern  has  other  advantages 
which  will  be  discussed  later. 

Wetting 

Through  the  actions  of  flow,  transfer  and  pene¬ 
tration,  the  glue  has  produced  a  film  in  contact  with 
both  sides  of  the  joint  and  has  diffused  into  the 
wood.  This  is  as  much  as  is  required  to  form  a 
strong  mechanical  bond  when  hardening  occurs.  Its 
chief  strength  is  in  shear,  similar  to  a  spline  joint, 
but  it  may  be  similarly  weak  against  other  forms  of 
stress  such  as  tension.  In  addition  to  locking  itself 
in  the  pores  of  the  wood,  the  glue  must  now  also 
grip  the  walls  of  the  pores  by  means  of  chemical 
fastenings.  The  action  that  makes  this  grip  possible 
is  the  wetting  action  of  the  glue.  Wetting  is  a  chem¬ 
ical  term  referring  to  the  attraction  of  a  solid  for  a 
liquid  with  activity  between  the  molecular  forces  of 
each  substance. 

These  molecular  forces  evidence  themselves 
through  the  polar  properties  of  the  materials  in¬ 
volved.  However,  of  extreme  importance  to  the  art 
of  gluing  is  the  fact  that  the  forces  responsible  for 
wetting  and  therefore  for  the  achievement  of  the 
chemical  portion  of  the  bond,  vary  widely  according 
to  the  treatment  the  wood  surfaces  have  received 
and  according  to  the  condition  of  the  adhesive  at 
the  time  it  must  make  contact.  Much  of  this  varia¬ 
tion  occurs  at  the  hands  of  the  user. 

The  underlying  principle  in  the  variation  found 
in  degree  of  wetting  is  that  all  materials  which  ex¬ 
hibit  strong  attractive  forces  at  their  surfaces  become 
readily  contaminated  or  otherwise  tend  to  decrease 
their  surface  energy  by  any  means  available.  All  that 
has  ever  been  said  or  written  about  the  necessity  for 
keeping  surfaces  clean  and  free  from  dirt,  grease, 
dust  and  wax  prior  to  gluing  is  aimed  at  improving 
the  environment  for  the  adhesive  to  best  perform 
the  function  of  wetting. 

The  wetting  action  of  adhesives  is  easily  inhib¬ 
ited.  Excessive  heat  such  as  that  produced  by  hot 
platens,  dull  planer  knives,  and  worn  sandpaper 
render  wood  surfaces  unfavorable  for  wetting.  The 
adhesive  itself  may  also  become  less  inclined  to  wet 
through  the  operation  of  several  factors  such  as  long 
open  assembly  times  which  permit  the  formation  of 
a  "skin”  over  the  surface  of  the  spread  adhesive. 
With  synthetic  resin  adhesives  particularly,  the  age 
of  the  material  both  in  storage  and  in  the  mix 
h.opper  lessens  the  ability  to  wet. 

Solidification 

If  the  actions  of  flow,  transfer,  penetration  and 
wetting  have  progressed  to  the  optimum  degree, 
hardening  of  the  adhesive  to  a  solid  mass  should 
produce  a  strong  joint.  Hardening,  curing,  setting, 
drying,  solidifying  and  polymerizing  are  all  terms 
used  in  reference  to  the  development  of  strength 
by  an  adhesive.  The  mechanism  by  which  this 


process  is  accomplished  varies  between  the  different 
types  of  glues,  ^me  harden  by  cooling,  by  loss  of 
water  or  other  solvents,  by  chemical  action,  or  by 
combinations  of  these.  The  concern  of  the  user  to¬ 
ward  this  function  centers  on  making  certain  that  it 
can  proceed  to  completion.  For  instance  very  thin 
veneer  stock  or  piles  which  are  impervious  to  water 
such  as  plastic  overlays,  will  retard  the  strength  de¬ 
velopment  of  glues  which  harden  by  drying.  Low 
temperatures  will  inhibit  the  hardening  of  synthetic 
resins  since  they  undergo  chemical  reactions.  Con¬ 
versely  the  hardening  may  be  hastened  by  appro¬ 
priate  manipulation  of  the  governing  factor. 

The  Identifiable  Characteristics  of  a  Bond 

Since  hardening  stops  further  motion  of  the 
adhesive,  the  development  of  a  bond  may  be 
arrested  at  any  stage  in  the  process.  Depending 
upon  the  extent  to  which  it  performed  its  duties 
and  also  upon  the  physical  state  of  the  adhesive 
when  solidification  occurred,  certain  characteristics 
will  be  imparted  to  the  glue  line. 

The  point  to  remember  is  that  the  adhesive 
actions  begin  with  flow  and  end  with  solidification. 
Solidification  of  the  glue  can  arrest  the  sequence  at 
any  point  because  each  successive  movement  re¬ 
quires  a  finer  degree  of  mobility  for  optimum  re¬ 
sults.  By  finer  degree  of  mobility  is  meant  activity 
of  the  glue  molecules  as  against  the  mass  flow  of 
the  glue  mixture.  Since  wetting  is  the  last  action 
that  occurs  and  needs  the  finest  degree  of  mobility, 
it  is  always  the  first  action  that  may  be  inhibited  by 
the  premature  drying  or  curing  of  the  glue. 

The  Four  Types  of  Glue  Lines 

Depending  upon  the  movements  a  glue  has  made 
between  the  time  of  spreading  and  hardening,  it 
will  assume  one  of  four  basic  glue  line  types  which 
are  of  important  diagnostic  value. 

Type  No.  1 — Starved.  When  there  is  insufficient 
glue  on  the  glue  line  to  form  the  center  link  of  the 
bond  it  is  considered  starved.  The  condition  results 
from  excessive  flow  or  penetration  or  both  or  defi¬ 
ciency  in  the  amount  of  glue  spread.  In  appearance, 
the  chief  signs  are  absence  of  a  glue  film  and  open 
pores  in  the  wood  surface  as  if  the  glue  had  been 
sucked  in  without  filling  them.  Often,  if  the  glue 
has  been  spread  in  pattern,  failure  of  the  ridges  of 
glue  to  meet  as  they  flow  together  is  evidence  of 
starving. 

Type  No.  2 — Bonded.  This  condition  results 
when  all  movements  have  presumably  occurred  to 
the  optimum  degree;  good  anchorage  to  both  sur¬ 
faces,  good  reinforcement  below  the  surface  and 
high  wood  failure  in  tests.  Under  the  microscope 
the  glue  is  seen  to  have  filled  all  the  pores  at  the 
surface  and  for  some  distance  within.  The  glue  film 
itself  will  be  solid  and  free  from  air  bubbles,  with 
no  voids  between  the  glue  and  the  cell  walls  of  the 
wood. 
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Type  No.  3 — Utianchored.  In  this  condition,  a 
solid  glue  line  was  formed  by  adequate  flow  and 
some  penetration,  but  two  factors  may  have  com¬ 
bined  to  prevent  the  wetting  action  from  establish¬ 
ing  a  grip.  Either  drying  and  curing  rendered  the 
glue  unable  to  carry  out  this  action,  or  the  wood 
surfaces  due  to  deactivating  effects  previously  men¬ 
tioned,  have  become  unreceptive  to  the  attractions 
of  the  glue.  In  either  case  the  appearance  of  the 
glue  line  as  viewed  after  rupture  will  present  a 
replica  or  cast  of  the  opposite  surface,  usually  the 
unspread  surface.  This  might  be  termed  lack  of 
transfer,  but  the  opportunity  for  transfer  was  there 
and  passed,  since  some  penetration  occurred.  The 
process  had  reached  the  stage  where  wetting  for 
proper  anchorage  should  have  taken  place. 

This  is  a  treacherous  condition  because  the  bond 
does  have  some  strength  particularly  in  shear  and 
does  resist  exposure  to  continuous  conditions.  Its 
main  weakness  is  in  tension  and  in  resistance  to 
alternating  exposure  conditions. 

Type  No.  4 — Precured.  The  precured  condition 
is  the  one  most  easily  recognized.  In  this  case  solidi¬ 
fication  progressed  to  such  a  degree  before  the  joint 
could  be  brought  under  pressure  that  all  of  the 
movements  of  the  glue  have  been  inhibited,  includ¬ 
ing  flow,  the  most  agile.  The  spread  pattern  has  not 
been  obliterated  except  at  high  spots  on  the  surface 
where  maximum  pressure  developed. 

It  is  in  diagnosing  this  condition  that  spreading 
the  glue  in  pattern  is  particularly  helpful.  Some 
people  may  be  hesitant  to  assemble  a  joint  when  the 
surface  is  not  completely  covered  with  a  layer  of 
glue.  However  this  should  engender  no  fears  if  the 
spread  is  uniform  across  the  surface.  If  the  adhesive 
does  not  have  sufficient  mobility  to  flow  together 
(one  of  the  easiest  actions)  and  fill  in  the  spaces 
between  the  ribbons  of  glue,  it  does  not  have  suffi¬ 
cient  mobility  to  perform  any  of  the  other  more 
difficult  actions  which  are  necessary  to  produce  a 
good  bond. 

The  Five  States 

In  addition  to  the  four  types  created  by  the  dis¬ 
position  of  the  adhesive  on  the  glue  line  as  a  result 
of  motion  or  lack  of  it,  there  are  five  recognizable 
states  into  which  the  adhesive  may  develop  during 
its  fluid  stage.  These  involve  texture,  final  composi¬ 
tion,  and  degree  of  hardening.  They  are  difficult  to 
describe  and  while  some  may  be  observed  by  eye, 
others  require  the  microscope  or  some  exposure  test 
for  identification.  Their  use  in  on  the  spot  diagnosis 
is  therefore  limited  and  in  any  case  is  not  recom¬ 
mended  except  after  long  association  with  and  com¬ 
plete  knowledge  of  the  history  of  the  patient,  the 
adhesive. 

State  No.  1  Frothy.  As  the  name  suggests,  the 
glue  line  appears  foamy  or  full  of  air  bubbles. 

State  No.  2  Grainy.  This  is  a  glue  line  which 
appears  sandy  or  granular,  as  though  the  adhesive 
had  not  dissolved  completely  in  mixing. 


State  No.  3  Filtered.  This  condition  arises  only 
with  compounded  glue  mixtures  in  which  one  or 
more  of  the  ingredients  has  fled  the  glue  line  by 
filtering  into  the  wood.  It  is  a  special  case  associated 
with  the  starved  type  of  glue  line.  Sometimes,  due 
to  the  fact  that  it  may  have  some  strength,  it  is  diffi¬ 
cult  to  identify  except  by  strength  test  after  expo¬ 
sure  to  mild  deteriorating  conditions. 

State  No.  4  Solid.  This  is  the  state  for  maximum 
strength.  There  are  no  voids  in  the  glue  film.  It  is 
continuous  from  surface  to  surface  and  from  edge 
to  edge  with  all  its  ingredients  in  intimate  associa¬ 
tion. 

State  No.  5  Undercured.  Insufficient  drying  or 
curing  has  occurred  to  produce  maximum  strength 
and  durability.  This  is  often  a  question  of  degree, 
the  more  obvious  cases  being  observable  by  stripping 
off  the  veneer  or  pulling  apart  a  joint  and  noting 
whether  the  glue  is  still  soft.  When  the  glue  has 
developed  some  strength,  particularly  the  synthetic 
resins  which  hardened  by  chemical  action,  it  is 
necessary  to  make  exposure  tests  in  order  to  deter¬ 
mine  whether  curing  has  progressed  to  a  suitable 
point. 

The  Diagnosis  and  Treatment  of  Glue 
Line  Disorders 

The  cry  is  often  heard  that  synthetic  resin  adhe¬ 
sives  are  difficult  to  use.  This  is  true,  if  difficulty  is 
judged  by  the  need  to  exercise  above  average  con¬ 
trol  over  an  operation.  It  is  also  true  that  a  particu¬ 
lar  urea  formula  may  tolerate  comparatively  narro\^ 
use-conditions,  but  the  opportunity  to  alter  the  prop¬ 
erties  and  hence  to  improve  the  tolerance  is  unlim¬ 
ited  (except  for  curing  at  low  temperatures).  This 
makes  the  synthetic  resin  adhesives  adaptable  to  a 
wide  range  of  circumstances.  Of  perhaps  greater 
advantage  is  the  fact  that  bonds  made  with  these 
adhesives  and  to  a  lesser  extent  those  made  with 
natural  adhesives,  will  practically  tell  you  what  is 
ailing  them,  if  you  are  conversant  with  their  sign 
language.  It  is  easy,  for  instance,  to  read  in  a  glue- 
line  that  the  pressure  came  too  little  or  too  late, 
that  a  little  more  catalyst  is  needed  to  stimulate 
faster  maturing,  or  that  the  climate  i.e.  moisture 
content,  was  disagreeable.  Like  any  foreign  lan¬ 
guage,  however,  the  interpretations  are  vastly  im¬ 
proved  by  previous  knowledge  or  history  of  the 
situation.  For  example,  if  a  glue  line  says  it  is 
starved,  knowing  in  advance  whether  enough  glue 
was  applied  would  permit  attention  to  be  directed 
to  learning  where  the  glue  went.  The  clarity  with 
which  a  glue  line  registers  its  symptoms  is  also  im¬ 
proved  by  applying  the  adhesive  in  a  ribbon  pattern 
so  that  slight  movements  may  easily  be  detected. 

In  order  to  assay  how  well  a  gluing  operation  is 
being  conducted  as  far  as  the  performance  of  the 
adhesive  is  concerned,  observations  are  needed 
which  provide  instant  answers.  Two  methods  arc- 
suggested,  one  analyzing  the  characteristic  types  and 
conditions  which  the  glue  line  assumes  in  response 


l; 


GLUE  LINE  DOCTOR 


263 


to  certain  operational  irregularities,  the  other  involv¬ 
ing  the  functioning  of  the  equipment. 

Listening  to  the  Glue  Line 

As  indicated  in  an  earlier  section,  glues  must  go 
through  an  optimum  amount  of  certain  movements 
in  order  to  form  a  good  bond.  Too  much  or  too 
little  movement  will  result  in  weakness.  It  was 
shown  that  a  progression  of  characteristics  develop 
as  a  result  of  too  much  mobility  at  one  extreme  to 
too  little  mobility  at  the  other,  and  that  the  best 
bond  was  formed  somewhere  in  between.  It  was 
also  shown  that  some  operational  factors  influence 
mobility  toward  one  extreme  and  some  toward  the 
other.  This  suggests  that  the  progression  may  be 
shifted  in  either  direction  by  merely  playing  one 
factor  against  another.  For  example,  excess  penetra¬ 
tion  of  the  adhesive  brought  on  by  a  very  porous 
wood  can  be  counteracted  by  increasing  the  assembly 
time  to  allow  some  thickening  before  pressure  is 
applied. 

This  entire  procedure  is  based  upon  recognizing 
in  which  direction  a  shift  of  properties  should  be 
encouraged  and  knowing  which  factors  will  bring 
about  the  desired  shift.  Usually,  dry'  wood,  long 
assembly  times,  extra  catalyst,  higher  consistency  of 
the  glue,  extenders,  and  fillers  will  reduce  mobility; 
and  wet  wood,  short  assembly  times,  porous  wood, 
high  pressure,  and  low  consistency  will  increase  the 
mobility.  With  this  simple  equipment  we  are  ready 
to  tackle  the  first  symptom. 

The  starved  glue  line.  This  condition  is  caused 
by  too  much  flow  and  penetration  of  the  adhesive 
or  insufficient  adhesive  applied.  Therefore  the  first 
step  in  tracing  the  causes  of  the  symptom  is  to  ascer¬ 
tain  whether  enough  glue  was  spread.  This  can 
readily  be  done  when  the  adhesive  has  been  spread 
in  a  ribbon  pattern.  If  the  ridges  have  been  flattened 
down  by  the  pressure  on  the  joint,  but  have  failed 
to  merge,  then  there  was  not  enough  glue  applied. 
If  they  have  merged  but  have  left  unfilled  pores  on 
the  surface,  there  is  strong  likelihood  that  too  much 
glue  has  been  lost  by  over-penetration  or  by  over¬ 
flow. 

Starving  by  over-penetration  is  most  frequently- 
found  in  hot-press  plywood  due  to  the  temporary- 
extreme  mobility  of  the  glue  brought  on  by  the 
temperature  increase.  The  condition  is  accentuated 
by  high  moisture  content  of  the  veneer  and  for  this 
reason  is  often  associated  with  so-called  "blisters”. 
What  happens  is  that  the  adhesive  is  induced  to 
leave  the  joint  area  by  the  heat  and  moisture  pres¬ 
ent,  and  neglects  to  first  form  a  bond.  The  heat  then 
drives  the  moisture  to  a  weak  spot  between  the 
plies.  Further  heating  creates  steam  pressure  in  this 
area  which  raises  the  blister  when  the  press  is 
opened. 

Several  treatments  for  this  condition  are  at  once 
evident:  (1)  reduce  the  mobility  of  the  adhesive, 
(2)  reduce  the  moisture  in  the  veneer,  and  (3)  re¬ 
duce  the  temperature.  The  mobility  of  the  adhesive 


may  be  reduced  in  three  ways,  (a)  Increase  the  as¬ 
sembly  period  in  order  to  allow  time  for  some  dry¬ 
ing  of  the  adhesive  to  occur.  How  much  to  increase 
the  assembly  period  is  a  matter  of  cut  and  try,  with 
limitations  imposed  by  space  and  equipment.  The 
period  may  be  extended  until  signs  of  precure  begin 
in  develop  at  which  point  it  should  be  cut  half  way- 
back  to  the  original  assembly  time  in  order  to  be  at 
a  safe  operating  level,  (b)  Increase  the  catalyst  to 
speed  the  rate  of  curing  and  thus  shorten  the  length 
of  time  the  adhesive  is  in  the  high  fluidity  stage. 
This  has  limitations  in  that  mixes  must  be  made 
smaller  and  more  often  since  the  pot  life  will  be 
shortened,  (c)  Reduce  the  amount  of  water  in  the 
glue  mix  as  far  as  is  practicable  with  the  spreading 
equipment  available.  Since  this  has  the  effect  of 
raising  the  solids  content  of  the  glue  mixture  (and 
also  the  cost)  a  lower  spread  may  be  applied. 

Starving  by  over-flow,  excessive  squeeze-out, 
occurs  mostly  on  narrow  or  otherwise  small  glut- 
areas  such  as  lumber  edge-gluing.  In  this  construc¬ 
tion  the  applied  pressures  on  the  glue  are  likely  to 
be  great  and  the  distance  to  the  edges  so  short  that 
the  glue  is  inclined  to  escape  rather  than  stay  in 
place.  Resin  glues,  due  to  their  greater  mobility, 
usually  suffer  more  from  squeeze-out  than  the 
heavier-bodied  proteins  and  starches.  A  large  share 
of  difficulties  encountered  in  the  use  of  electronic- 
presses  arise  from  this  cause.  In  other  words,  the 
glue  line  may  be  placed  at  a  disadvantage  before 
the  electronic  power  is  even  turned  on.  The  loss  of 
more  glue  by  penetration  due  to  the*  heat  generated 
in  the  glue  line  then  completes  the  starvation. 

Again  the  treatment  is  obvious,  increase  the  body 
of  the  glue  by  reducing  the  amount  of  water. 
Another  method  which  is  perhaps  more  effective  bu*^ 
less  feasible  due  to  interference  with  rapid  produc¬ 
tion,  is  the  practice  of  double  spreading  (that  is 
applying  the  adhesive  to  both  sides  of  a  joint)  and 
then  allowing  10  to  15  minutes  closed  assembly  time 
before  pressing.  This  insures  good  wetting  in  addi¬ 
tion  to  reducing  the  flow  properties  of  the  adhesive. 

The  precured  glue  line.  As  the  name  implies,  a 
precured  glue  line  is  one  in  which  the  glue  had 
cured  or  dried  before  pressure  could  be  applied  to 
induce  the  various  movements.  This  is  curing  with¬ 
out  pressure  and  the  causes  can  easily  be  deduced. 
The  most  common  cause  is  exceeding  the  assembly 
time  beyond  that  recommended  by  the  adhesive 
manufacturer.  During  this  time,  the  glue  may  either 
cure  or  dry  out  to  the  point  where  it  will  not  move 
when  and  if  pressure  is  applied.  Again  spreading  in 
pattern  makes  instantly  and  clearly  visible  whether 
pressure  was  applied  and  if  applied  whether  it  was 
uniform. 

Usually  some  compression  of  the  glue  ribbons 
will  occur.  If  this  compression  is  uniform  over  the 
joint  area,  then  the  pressing  apparatus  may  be  con¬ 
sidered  satisfactory  and  the  only  correction  that  is 
necessary  is  to  shorten  the  assembly  time.  If  the 
compression  is  not  uniform,  and  partic-ularly  if  there 


264 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


are  bonded  and  precured  areas  in  the  same  joint  then 
there  is  trouble  in  the  press  or  in  the  assembly. 

In  the  section  on  the  structure  of  the  glue  line  it 
was  noted  that  certain  observations  on  the  solidity 
of  the  adhesive  layer  would  reveal  the  history  of  the 
pressure  factor.  When  the  pressure  mechanism  is 
the  cause  of  the  difficulty,  evidence  of  precure  will 
often  appear  consistently  in  a  particular  location  and 
this  can  be  checked  by  some  means  of  marking  on 
the  assembly  its  position  in  the  press.  If  a  large  per¬ 
centage  of  precured  glue  lines  begin  to  show  up  at 
one  end  of  an  assembly  or  plywood  panel,  a  thor¬ 
ough  investigation  should  be  made  of  the  pressing 
setup  to  determine  whether  the  rams  are  all  func¬ 
tioning,  whether  the  press  head  of  platens  arc- 
warped,  or  whether  something  in  the  mechanism 
prevented  the  proper  application  of  retaining 
clamps.  In  one  such  investigation  for  example,  it 
was  determined  that  in  laminating  a  long  assembly, 
the  strain  rods  of  the  press  prevented  the  end  clamps 
from  being  tightened  sufficiently. 

Moisture  changes  in  lumber  which  has  been  ma¬ 
chined  for  gluing  will  also  develop  localized  symp¬ 
toms  of  precure.  In  this  case  however,  both  ends,  or 
the  entire  edges  or  center  area  of  the  joint  in  the 
more  severe  situations,  will  be  affected. 

Random  areas  of  precure  (in  contrast  to  localized 
areas)  in  laminated  or  edge-glued  lumber  are 
almost  certain  evidence  of  faulty  machining. 

Warped  lumber  may  develop  symptoms  of  pre¬ 
cure  in  the  glue  line.  Its  chief  effect  however  is  to 
cause  uneven  pressure  rather  than  lack  of  it  since 
the  force  necessary  to  straighten  the  warp  will  be 
subtracted  from  one  point  and  added  to  another. 

Several  causes  of  precure  arise  in  plywood  manu¬ 
facture  in  addition  to  overly  long  assembly  time. 
One  of  these  which  is  easily  diagnosed  is  the  thin 
veneer  edge-glued  to  thicker  neighbors.  In  this  case 
the  boundary  of  the  precured  area  will  be  sharply 
defined  coincident  with  the  edges  of  the  thin  veneer. 
The  treatment  of  this  cause  is  comparatively  easy  if 
the  will  to  do  so  is  instilled  in  the  workers.  Splicer 
operators  soon  become  accustomed  to  the  feel  of 
the  thickness  of  veneer  being  spliced.  Veneer  that  is 
0.005  inches  thinner  or  thicker  than  normal  is  read¬ 
ily  sensed  and  should  be  discarded. 

In  hot-press  plywood,  a  frequent  cause  of  pre¬ 
cure  is  slow  loading  and  closing  of  the  press.  The 
first  panel  to  be  loaded  must  reside  on  the  hot  platen 
until  the  others  have  been  loaded  and  pressure  has 
been  applied.  During  this  time  the  heat  of  the 
press  may  induce  sufficient  hardening  of  the  glue  to 
render  it  immobile.  That  this  is  the  cause  may  be 
positively  determined  by  numbering  the  openings  of 
the  press  and  transferring  this  number  to  the  lower 
platen  side  of  the  plywood  taken  from  each  open¬ 
ing.  The  severest  cases  of  precure  may  then  be 
traced  to  a  particular  opening.  Further  substantia¬ 
tion  is  derived  from  noting  that  the  glue  line  nearest 
the  bottom  of  the  opening  is  consistently  worse  than 
the  other  side. 


When  precure  is  due  to  this  cause,  certain  loading 
aids  are  mandatory.  These  include  metal  or  ply¬ 
wood  cauls  on  the  bottom  and  preferably  on  both 
sides  of  the  assembly,  rods  to  support  the  center  of 
long  panels  as  they  are  being  lifted  to  the  opening, 
and  finally  a  hydraulic  lift  to  raise  loading  truck 
and  workmen  nearer  to  the  upper  platen.  Auto¬ 
matic  loaders  are  helpful  in  a  smooth  functioning 
operation,  but  have  been  found  cumbersome  in  east¬ 
ern  plants  where  plywood  sizes  vary  and  where  pro¬ 
duction  demands  do  not  warrant  their  use. 

Often,  in  order  to  shorten  the  pressing  time  of  a 
resin  adhesive,  operators  are  encouraged  to  increase 
the  amount  of  catalyst.  This  always  increases  the 
probability  of  precuring.  Extreme  vigilance  must 
therefore  be  exercised  when  such  "fast”  mixes  are 
being  used. 

The  spreading  of  hot  veneer  is  a  frequent  cause 
of  precure  with  resin  adhesives  because  extensive 
polymerization  can  occur  before  the  panels  are 
loaded  in  the  press.  Truck  loads  of  veneer  require 
at  least  a  full  day  after  drying  in  order  to  arrive  at 
a  safe  temperature.  When  production  scheduling 
does  not  permit  this  cooling  period,  the  only  re¬ 
course  is  shortening  the  assembly  time  to  near  zero. 

The  unanchored  glue  line.  Since  the  unanchored 
glue  line  is  caused  by  lack  of  wetting,  the  suspected 
factors  are  those  which  influence  the  molecular  be¬ 
havior  and  mobility  of  the  adhesive  and  those  which 
affect  the  purity  of  the  joint  surfaces.  Pressure  and 
spreading  irregularities  are  beyond  suspicion  because 
of  the  occurrence  of  some  penetration  and  flow 
which  could  not  have  taken  place  without  pressure 
and  sufficient  glue  spread.  Whether  the  fault  lay  in 
the  adhesive  or  in  the  wood  surface  is  however  diffi¬ 
cult  to  determine  without  a  complete  history  of  the 
particular  bond. 

Considering  the  factors  which  have  contributed 
to  the  delinquency  of  the  adhesive  in  refusing  to 
associate  with  the  wood,  the  one  most  easily  under¬ 
stood,  arises  from  long  open  assembly  times,  par¬ 
ticularly  when  the  spread  adhesive  has  been  exposed 
to  drafts  from  open  windows  or  heating  fans.  A 
"skin”  forms  on  the  extreme  surface  of  the  spread 
adhesive  under  these  conditions,  similar  to  the 
"skin”  that  forms  on  paint  or  on  hot  milk.  This 
"skin”  has  very  feeble  adhesive  properties  and  com¬ 
ing  as  it  does  against  the  unspread  surface  of  a  joint, 
can  block  the  wetting  action.  An  obvious  remedy  is 
to  avoid  long  open  assembly  periods.  However, 
sometimes  it  is  necessary  in  certain  constructions  to 
spread  a  number  of  pieces  before  assembling  them. 
Difficulties  may  be  avoided  in  such  cases  by  apply¬ 
ing  the  adhesive  in  widely  spaced  ridges  rather 
than  in  a  smooth  film.  Three  actions  thus  counter¬ 
act  the  effects  of  skinning:  Less  water  is  drawn  from 
the  glue  by  the  wood,  less  glue  surface  is  exposed 
to  the  air,  and  the  skin  breaks  when  pressure  is 
applied,  flowing  fresh  glue  over  the  wood  between 
the  ridges. 
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Glues  which  are  too  old  either  in  storage  or  in 
the  mix,  often  lose  their  power  to  wet  wood.  In  the 
case  of  resin  glues  this  is  because  the  continued 
jX)lymeri2ation  has  made  the  glue  particles  too  large 
for  effective  orientation.  Adhering  closely  to  manu¬ 
facturers’  instruction  in  the  storage  and  the  maxi¬ 
mum  pot  life  of  the  glue  will  ensure  that  this 
factor  does  not  operate. 

The  amount  of  curing  or  hardening  that  occur 
before  the  glue  makes  contact  with  the  wood  sub¬ 
stance,  subtracts  from  its  ability  to  wet.  The  glue 
becomes  like  putty  or  plaster  of  paris,  though  re¬ 
taining  some  life  and  the  ability  to  move  somewhat. 
It  is  to  be  expected  therefore  that,  the  same  factors 
exclusive  of  j>ressure,  which  cause  precure  also  cause 
unanchored  glue  lines  except  in  the  latter  case  the 
disease  has  not  progressed  to  the  final  stage.  Conse¬ 
quently  this  type  grades  over  into  the  early  stages 
of  precure  and  the  same  treatments  are  indicated 
though  of  less  drastic  magnitude. 

When  the  cause  of  unanchored  glue  lines  is  fail¬ 
ure  of  the  wood  surface  to  provide  a  favorable  en¬ 
vironment  in  which  the  chemical  forces  of  the  adhe¬ 
sive  might  become  attached,  we  are  largely  at  the 
mercy  of  ignorance.  It  is  readily  understandable 
how  dirt,  grease  and  wax  on  the  wood  surface  could 
deprive  the  glue  of  its  chance  to  grip.  However  the 
exact  reason  for  the  refusal  of  some  wood  species 
to  accept  certain  glues  is  not  known.  Nor  is  it 
known  why  burnishing  by  direct  heat  or  by  dull 
tools  deadens  the  desire  of  the  wood  to  embrace  the 
adhesive.  Observations  at  the  present  time  indicate 
that  alkaline  types  of  glue  are  somewhat  better  able 
to  break  down  the  resistance  to  adhesion  offered  by 
such  wood  surfaces. 

The  frothy  glue  line.  This  condition  grades  from 
the  meringue  like  frothy  mass  that  is  sometimes 
found  in  lumber  edge-joints  cured  with  electronic 
power,  down  to  the  occasional  bubble  that  fails  to 
get  squeezed  from  the  glue  line.  The  main  evidence 
to  be  derived  from  this  condition  involves  pressure 
effects  since  pressure  is  the  factor  which  is  respon¬ 
sible  for  eliminating  bubbles  from  the  glue  line.  In 
the  section  on  the  structure  of  the  glue  film  the 
manner  of  drawing  deductions  from  this  observation 
was  presented.  The  same  reasoning  is  used  as  for 
the  relationship  of  pressure  to  precure,  except  that 
in  this  case  the  observation  may  be  made  even 
though  flow  has  taken  place  and  obliterated  the 
spread  pattern. 

When  the  frothy  condition  is  associated  with 
curing  by  electronics,  the  temptation  is  to  regard  it 
as  being  caused  by  this  method  of  curing  the  adhe¬ 
sive.  Actually  the  condition  already  existed  and  the 
process  only  makes  it  more  visible.  This  is  done  by 
expansion  of  the  air  in  the  bubbles.  Localized  areas 
of  low  pressure  and  thick  glue  lines  are  at  the  bot¬ 
tom  of  the  difficulty. 

The  filtered  glue  line.  One  of  the  more  difficult 
symptoms  to  observe,  the  filtered  glue  line  gives  im¬ 
portant  evidence  to  the  adhesive  manufacturer  for  it 


tells  him  how  well  the  ingredients  remain  together 
and  act  as  a  team.  All  the  ramifications  of  this  dis¬ 
order  are  beyond  the  scope  of  this  paper.  Two 
effects  will  be  mentioned  to  illustrate  the  action 
involved. 

This  condition  occurs  most  frequently  and  notice¬ 
ably  with  extended  resin  mixes  of  the  hot  press 
type.  (It  is  not  as  noticeable  with  cold  press  adhe¬ 
sives).  Under  certain  situations  of  slow  curing  and 
high  moisture  content  veneer,  a  high  percentage  of 
the  resin  portion  of  the  formula  will  filter  from  the 
glue  line  and  penetrate  into  the  wood,  leaving  the 
extender  behind.  The  glue  line  therefore  is  largely 
extender,  and  the  bond  may  have  some  strength  dry 
but  none  wet.  It  is  actually  a  glue  line  which  is 
starved  of  resin.  The  treatment  therefore  is  the 
same  as  for  the  starved  glue  line. 

Fortified  hot  press  glues  also  sometimes  behave 
in  this  manner.  Urea  glues  fortified  with  melamine 
often  do  not  give  the  durability  expected.  There  is 
some  evidence  to  indicate  that  the  melamine  in  this 
case  filters  out  of  the  glue  line  and  leaves  the  urea 
substantially  unfortified.  Again  considerable  im¬ 
provement  can  be  obtained  by  treating  for  the  starv¬ 
ing  condition. 

The  grainy  glue  line.  The  grainy  glue  line  usu¬ 
ally  points  to  poor  storage  conditions  during  which 
the  adhesive  becomes  less  soluble.  An  additional 
cause  of  a  grainy  glue  line  is  incompatible  extend¬ 
ers.  It  also  results  from  incomplete  solidification  and 
in  this  case  has  been  found  to  exist  where  glues 
which  harden  by  chemical  action  are  used  under 
conditions  which  promote  rapid  drying  of  the  liquid 
adhesive.  Rapid  drying  conditions  are  encountered 
with  excessively  dry  wood,  below  6  percent,  and 
with  electronic  edge  gluing  when  split  second  curing 
times  are  sought.  The  respective  treatments  are  to 
regard  w'ith  suspicion  glue  which  requires  an  abnor¬ 
mal  amount  of  water  above  the  recommended  for¬ 
mula  in  order  to  produce  a  spreadable  mix.  Always 
submit  a  sample  of  extender  to  the  adhesive  manu¬ 
facturer  for  evaluation.  Resin  adhesives  must  be 
specifically  designed  for  dry  wood  before  they  can 
be  used  with  any  degree  of  safety. 

The  undercured  glue  line.  Since  strength  and 
durability  are  most  likely  to  be  affected  by  under¬ 
curing,  some  tests  are  usually  necessary  to  determine 
the  extent  of  this  deficiency.  The  early  stages  are 
easily  recognizable  by  the  ease  with  which  joints 
are  broken  open  soon  after  pressing.  Often  curing 
under  pressure  is  only  carried  to  the  point  where 
the  strength  developed  is  able  to  hold  the  assembly 
together  until  the  process  subsequently  reaches 
completion. 

With  resin  glues  a  high  percentage  of  the  ulti¬ 
mate  strength  is  developed  long  before  the  ultimate 
durability  is  reached.  Some  exposure  tests  are  there¬ 
fore  necessary  to  determine  when  maximum  dura¬ 
bility  has  been  achieved. 

The  treatment  of  undercured  glue  lines  are  obvi¬ 
ous;  more  time  in  the  press,  higher  temperature  or 
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more  catalyst  in  the  case  of  chemical  hardening 
glues,  and  longer  press  time  and  drier  wood  for  the 
glues  which  harden  by  drying. 

Listening  to  the  Equipment 

In  the  previous  section  a  means  was  suggested  for 
determining,  posthumously  as  it  were,  the  cause  of 
death  of  a  bond.  Information  thus  gained  can  be 
used  immediately  to  save  other  bonds  from  the 
same  fate.  However,  much  can  be  done  during  the 
growth  of  a  bond  to  observ'e  how  it  is  functioning 
and  to  improve  its  living  conditions.  When  equip¬ 
ment  is  in  good  operating  order,  it  will  often  tell 
when  the  materials  are  not  right;  conversely  when 
the  materials  are  up  to  specifications,  they  will  tell 
when  the  equipment  is  not  functioning  properly. 
For  example,  if  a  well  adjusted  spreader  does  not 
spread  glue  evenly  it  has  said  that  the  veneer  is 
poorly  cut,  perhaps  having  thick  and  thin  areas. 
Blisters  in  hot  pressing  say  that  the  assembly  is  too 
high  in  moisture  content. 

Storage  room.  A  brief  trip  through  a  gluing 
operation  will  illustrate  the  type  of  information  that 
can  be  obtained  by  casual  ODservation.  Beginning 
in  the  glue  storage  room  the  prime  consideration  is 
that  this  area  should  be  cool  and  dry.  Heat  and 
moisture  are  the  enemies  of  most  glues,  particularly 
the  resin  glues.  Rust  on  the  inside  rim  of  the  lid  of 
steel  drums  used  for  powdered  resins  is  a  sign  that 
moisture  has  gotten  in.  Lumps,  or  sandy  texture  to 
the  powder  confirms  the  presence  of  moisture. 

Mixer.  In  the  mixing  room,  the  operator  should 
become  familiar  with  the  sounds  the  mixer  makes 
as  it  goes  through  the  various  stages  of  the  mix 
toward  the  final  product.  The  pull  of  the  motor,  the 
grinding  of  the  gears,  the  sloshing  of  the  glue 
against  the  paddles  and  the  height  the  glue  is 
thrown  up  the  sides  of  the  mixer,  all  become  char¬ 
acteristic  for  a  given  quantity  and  formula  of  glue. 
The  placement  of  an  ammeter  on  the  mixer  motor 
might  help  translate  some  of  these  observations  into 
figures. 

When  the  mix  is  emptied  into  the  hopper,  the 
presence  of  lumps  in  the  mix  or  a  sludge  at  the 
bottom  of  the  mixer  is  evidence  of  improper  mix¬ 
ing.  Lumps  are  usually  formed  because  of  adding 
too  much  liquid  to  the  powder  for  the  initial  phases 
of  the  mix.  Always  mix  as  dry  as  possible,  thin¬ 
ning  to  final  consistency  as  a  last  step. 

Spreader.  The  spreader  is  a  good  informant.  As 
mentioned  earlier,  it  will  indicate  when  veneer  is 
rough  or  non-uniform  in  thickness  by  refusing  to 
spread  it  evenly.  The  operator  must  then  be  in¬ 
formed  whether  to  discard  the  veneer  in  the  inter¬ 
est  of  quality  or  use  it  in  the  interest  of  hopeful 
economy.  In  deciding  to  use  the  poorly  spread 
veneer,  it  is  usually  rerun  through  the  spreader  for 
more  pickup. 

Often  the  glue  on  the  spreader  rolls  will  become 
dry  and  gummy  at  certain  points.  This  is  due  to 
poor  circulation  of  the  glue  along  the  rolls  and  the 


pickup  of  bits  of  wood  and  fibers  from  the  veneer. 
The  amount  of  glue  applied  from  such  points  will 
be  different  from  the  setting.  The  use  of  a  circu¬ 
lating  pump  between  the  hopper  and  the  rolls  is 
recommended  to  keep  the  glue  moving.  A  common 
practice  is  to  remove  the  end  plates  from  one  or 
both  ends  of  the  rolls  and  allowing  the  glue  to  con¬ 
tinually  fall  back  into  the  hopper  as  the  pump  stays 
ahead  of  the  spreading. 

The  ease  with  which  spreaders  and  mixers  can  be 
washed  at  the  end  of  each  working  period  is  a  mark 
of  good  operation.  This  involves  only  the  presence 
of  suitable  drains  and  hot  and  cold  water  through  a 
hose,  plus  sufficient  time  to  do  a  good  job. 

Assembly  facilities.  Confusion  and  disorder  be¬ 
tween  the  spreader  and  the  press  often  creates  un¬ 
favorable  conditions  for  the  glue.  In  laying  up  a 
plywood  assembly,  if  it  is  necessary  to  drag  the  un¬ 
spread  plies  over  the  spread  ones  to  get  them  in 
position,  glue  will  be  scraped  from  certain  areas  and 
this  will  initiate  starving.  The  proper  placement  of 
veneer  trucks  and  the  use  of  supporting  sticks  when 
handling  large  sheets  of  veneer  will  improve  this 
operation.  The  use  of  w'ell  designed  lay-up  jigs  and 
stops  can  do  much  to  shorten  the  assembly  time 
when  evidence  of  precure  indicates  that  it  is  too 
long.  These  wdll  also  pay  dividends  at  the  trim  saw 
by  assuring  two  good  edges  from  which  to  reference 
the  cut. 

Press.  In  cold  pressing  plywood  several  points 
may  be  observed  with  profit.  The  amount  and  dis¬ 
tribution  of  the  squeeze-out  gives  important  infor¬ 
mation  about  pressure.  If  there  is  some  squeeze-out 
around  all  edges  of  all  panels  the  pressure  may  be 
considered  sufficient,  uniform  and  on  time.  If  the 
first  few  panels  at  the  bottom  of  the  bale  show  no 
squeeze-out  and  the  upper  ones  do,  then  the  pres¬ 
sure  was  sufficient,  uniform,  but  not  on  time.  If  all 
panels  show  squeeze-out  on  one  or  two  sides  but 
not  on  the  others,  the  pressure  is  sufficient,  on  time, 
but  not  uniform.  When  there  is  no  squeeze-out  a 
subsequent  investigation  of  the  glue  line  will  show 
whether  there  w'as  sufficient  pressure  and  whether 
it  was  applied  on  time. 

The  alinement  of  the  cauls  after  the  bale  is  under 
pressure  wdll  tell  whether  the  tiers  of  panels  be¬ 
tween  cauls  are  one  over  the  other  as  they  should  be, 
or  staggered.  Adjacent  cauls  which  bend  toward 
each  other  indicate  that  the  panels  between  them 
are  out  of  line  with  the  remainder  of  the  bundle. 
This  immediately  deprives  the  ends  of  panels  from 
three  tiers  of  a  portion  of  their  pressure. 

After  the  bale  has  been  removed  from  the  press 
with  the  retaining  clamps  secure,  bending  of  the 
I-beams  or  of  the  head  boards  indicates  loss  of  pres¬ 
sure  at  the  points  where  the  bend  is  greatest  i.e.  at 
the  center  of  the  bundle  and  midway  between  each 
I-beam.  If  subsequent  examination  of  the  glue  lines 
shows  evidence  of  lack  of  pressure  at  these  points, 
the  number  of  clamps  on  the  bundle  must  be  in¬ 
creased.  In  this  case,  since  pressure  at  one  time  was 
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uniform  (while  in  the  press),  the  lack  of  pressure 
will  register  on  the  glue  line  with  a  splotchy  char¬ 
acteristic. 

In  hot  pressing  plywood,  a  fast,  smooth-function¬ 
ing  loading  crew  is  necessary  for  continuous  success. 
The  speed  of  loading  and  closing  the  press  are  crit¬ 
ical  factors,  the  faster,  the  better.  Once  the  panels 
are  safely  in  the  press,  there  are  not  too  many  fac¬ 
tors  which  can  interfere  with  the  completion  of  the 
bond  because  from  here  on  the  operation  is  largely 
mechanical.  The  operator  should  however  make  cer¬ 
tain  that  the  temperature  is  maintained  at  the  proper 
level  and  uniform  in  all  platens  and  that  the  pres¬ 
sure  gauge  reading  is  correct  for  the  size  panel  being 
pressed.  The  frequent  occurrence  of  blisters  is  a 
symptom  that  is  often  treated  at  the  press.  As  pre¬ 
viously  shown  however,  the  cause  is  elsewhere. 
High  press  temperature  contributes  to  the  formation 
of  blisters  when  other  unfavorable  conditions  are 
present. 


The  edge-gluing  and  laminating  of  lumber  also 
present  characteristic  points  for  observation. 
Throughout  these  prcxesses,  as  in  the  gluing  of 
plywood,  the  same  considerations  apply,  viz,  the 
necessity  for  the  adhesive  to  perform  certain  func¬ 
tions,  and  the  recognition  of  the  factors  which  might 
prevent  these  functions. 

In  the  foregoing  discussion  a  method  has  been 
presented  for  looking  at  the  gluing  operation  with 
some  sympathy  for  the  manner  in  which  glues  de¬ 
velop  into  bonds.  It  is  hoped  that  this  will  result  in 
increasing  familiarity  with  the  propensities  of  the 
particular  glue  being  used  and  thus  lead  to  improve¬ 
ments  in  conditions  which  will  allow  that  glue  to 
perform  with  greater  satisfaction. 

The  language  and  terminology  used  in  this  paper 
are  perhaps  not  altogether  in  accord  with  those 
usually  employed  in  this  field.  It  is  felt  however, 
that  those  most  in  need  of  the  information  would  ap¬ 
preciate  digression  from  precise  scientific  expression. 


Discussion 

S.  S.  Hunt  (Monsanto  Chemical) :  It  is  stated 
that  air  bubbles  in  glue  are  perhaps  a  dangerous 
thing.  We  know  that  the  Germans  used  foamed 
glue  during  World  War  II.  This  meant  that  minute 
air  bubbles  were  introduced  into  the  glue  mix  by 
various  means.  By  so  doing  they  were  able  to  spread 
the  mix  more  thinly  on  the  wood.  Do  you  see  any 
harm  in  the  possibility  of  using  air  bubbles  in  glue? 

Thomas  D.  Perry  (Engineer) :  The  use  of  a 
foamy  glue  obviously  decreases  the  net  amount  of 
adhesive  applied  per  unit  of  area.  Hence  for  joints 
of  maximum  strength  and  durability,  in  a  dense 
species,  the  use  of  a  foamy  glue  would  not  be  ad¬ 
vised.  However  in  plywood  products  where  high 
quality  is  not  essential,  such  as  plywood  box  shooks 
that  make  a  single  trip  without  reuse,  or  in  drawer 
bottoms  or  dust  backs,  where  finish  and  wear  are 
not  significant,  it  might  be  possible  to  use  a  foamy 
glue  even  with  a  sacrifice  in  strength  and  durability. 
This  is  opinion  only  and  not  based  on  operating 
experience. 

Mr.  X:  When  an  adhesive  fails  to  anchor  itself, 
designated  as  glue  line  type  3,  does  this  not  imply 
lack  of  compatibility  of  the  wood  surface  and  the 
adhesive?  If  so,  how  can  anything  be  done  in  the 
gluing  operation  to  improve  the  bond?  It  would 
seem  that  some  other  adhesive  is  necessary. 

Mr.  Perry:  It  is  undoubtedly  true  that  chemical 
compatability  between  glues  and  wood  species,  is 
more  pronounced  in  some  combinations  than  in 
others.  However  any  standard  glue  is  required  to 
produce  adhesion  is  commercially  used  species. 
There  may  be  exceptions  in  woods  containing  oils 
or  other  unusual  material.  By  and  large,  there 
should  be  no  especial  reason  for  .selecting  a  special 
type  of  glue  for  a  given  species. 


Air.  X:  The  paper  suggests  a  system  of  observa¬ 
tion  and  deduction  which  should  help  to  determine 
whether  the  adhesive  is  being  used  correctly.  De¬ 
ductions  usually  involve  a  certain  amount  of  guess 
work.  Where  would  you  set  up  watch-dog  control 
points  which  might  improve  the  validity  of  your 
conclusions  ? 

R.  F.  Blomquist  (Forest  Products  Laboratory): 
It  is,  of  course,  important  to  observe,  check,  and 
control  all  of  the  factors  in  gluing  operations  to  be 
certain  of  consistently  high  quality  joints  at  all 
times.  To  check  only  certain  points  and  neglect 
others  would  be  better  than  no  control  but  could 
still  leave  the  way  open  for  some  gluing  difficulties. 
If  only  a  few  "control  points”  are  to  be  used,  the 
following  are  suggested: 

(a)  The  glue  when  on  the  spreader  (observe  for 
unusual  differences  in  consistency,  colors, 
odors,  and  uniformity  of  spread  when  used). 
However,  glue  mixing  also  should  be 
checked  at  least  periodically. 

(b)  The  condition  of  stock  when  ready  for  glue 
spreader  (for  quality  of  surfacing,  degree  of 
fit,  etc.).  This  should  include  checks  on 
moisture  content  of  stocks. 

(c)  The  panels  after  pres.sure  is  applied  (for 
uniformity  of  glue  squeezout,  alinement  of 
stacks  of  panels  for  uniformity  of  pressure, 
condition  of  press  equipment,  temperature 
of  room,  etc.). 

(d)  Condition  of  joints  at  cut-off  .saws  or  other 
trimming  operations  (include  actual  destruc¬ 
tive  knife  or  chisel  tests  on  trim  and  ob.ser- 
vation  of  broken  joints). 

In  addition,  regular  checks  should  be  made  on 
the  mechanical  condition  of  all  equipment  (mixers, 
spreaders,  surfacing,  tools,  pres.ses,  steam  lines,  and 
conditioning  chambers). 
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Mr.  X:  The  paper  infers  that  there  is  little  choice 
between  various  adhesives.  If  handled  correctly 
many  of  them  will  perform  in  a  satisfactory  man¬ 
ner.  Does  this  mean  it  is  possible  to  use  any  adhe¬ 
sive  with  equal  success.^  In  other  words,  what  are 
the  criteria  for  the  purchase  of  the  correct  adhesive.^ 
Mr.  Blomquist:  Generally  each  type  of  currently 
available  woodworking  glue  can  develop  the 
strength  of  the  wood  (of  even  high  density  species) 
when  properly  used.  This  is  as  much  as  is  required 
from  the  standpoint  of  dry  initial  strength.  The 
conditions  under  which  various  types  of  glues  must 
be  used  to  give  these  high  strengths  may  vary  con¬ 
siderably  for  different  glues  and  this  is  one  factor 
in  selecting  a  glue  for  use.  In  other  words,  some 
glues  may  require  certain  gluing  conditions  (cure 
temperature,  assembly  periods,  temperature  control) 
that  are  not  feasible  for  certain  plant  operations  and 
therefore  can  not  be  considered  seriously.  Another 
principal  difference  in  the  various  types  of  glues  is 
their  durability  characteristics  (resistance  of  joints 
to  water,  moisture,  heat,  microorganisms,  mechan¬ 


ical  stresses,  etc.).  These  durability  characteristics 
have  been  well  described  and  discussed  in  Forest 
Products  Laboratory  Mimeograph  No.  1530.  A 
third  criteria  is  cost.  This  should,  of  course,  include 
not  only  the  cost  of  the  mixed  glue  but  the  amount 
of  spread  required  per  unit  area  and  any  additional 
costs  involved  in  use  (labor,  equipment,  etc.), 
(labor,  equipment,  etc.). 

Mr.  X:  Do  you  not  believe  that  the  various  glu¬ 
ing  pressures  recommended  for  various  woods  are 
arbitrary  figures  such  as.  100  pounds  for  soft  woods 
and  200  pounds  for  hard  woods? 

K.  L.  Hiller  (American  Cyanamid  Company) : 
To  the  best  of  my  knowledge,  such  recommenda¬ 
tions  are  not  based  on  experimental  data  but  were 
merely  chosen  as  recommended  pressures.  It  seems 
to  me  that  it  would  be  possible  to  get  as  good  a 
bond  at  5  pounds  per  square  inch  with  the  proper 
gluing  conditions  and  stock.  This  would  make  an 
excellent  subject  for  study  and  possible  presenta¬ 
tion  of  a  paper  at  one  of  the  Society  meetings. 


Methods  of  Controlling  Glue  Bond  Quality 

Hartley  K.  Phinney,  Technical  Representative,  Bakelite  Company,  A  Division  of 
Union  Carbide  and  Carbon  Corporation 


The  application  of  known  quali^-conttol  techniques  to  sluing  operations  can  promote  higher  and  more  uniform 
bond  quality,  reduaion  of  waste,  and  more  efficient  use  pf  laMr  and  equipment.  To  be  most  effeaive,  however,  quality 
control  programs  must  apply  to  all  phases  of  the  bonding  operation  including  (1)  the  purchase  of  raw  materials, 
(2)  their  pre-manufacturing  preparation,  (3)  the  manufacturing  processes  and  (4)  product  testing  to  insure  conform¬ 
ance  to  minimum  standards.  Specific  methods  of  controlling  within  satisfactop'  limits  many  of  the  variables  encountered 
in  gluing  operations,  particularly  as  they  apply  to  plywood  bonding  operations,  are  discussed. 


Introduction 

The  raw  materials,  equipment  and  processes  used 
throughout  the  plywood  industry  are  essentially 
very  similar,  and  few  manufacturers,  if  any,  have 
special  techniques  unknown  or  unavailable  to  the 
remainder  of  the  industry.  Therefore,  theoretically 
at  least,  the  quality  of  a  given  kind  of  plywood 
should  be  roughly  the  same  in  all  respects  regardless 
of  the  manufacturing  plant  in  which  it  originates. 
In  fact,  we  are  already  well  acquainted  with  the 
high  level  of  product  standardization  attained  among 
the  members  of  the  Douglas  Fir  Plywood  Associa¬ 
tion.  Why  is  it  then  that  differences  in  quality  do 
exist  among  the  panels  produced  by  various  manu¬ 
facturers  in  similar  segments  of  the  hardwood  ply¬ 
wood  industry?  The  answer,  in  large  measure  at 
least,  lies  in  the  differences  in  the  degree  of  control 
over  all  those  variables  which  affect  the  quality  of 
the  final  product. 

From  an  absolute  standpoint,  control  over  the 
quality  of  any  manufactured  product  can  only  exist 
if  all  of  the  variables  which  affect  the  quality  of  the 
finished  product  are  systematically  controlled.  How¬ 
ever,  when  all  of  the  possible  variables  influencing 
the  conversion  of  raw  materials  through  the  applica¬ 
tion  of  labor,  machines  and  manufacturing  condi¬ 
tions  are  considered,  it  must  be  realized  that  such  a 
measure  of  quality  control  can  only  be  an  ideal.  On 
the  other  hand,  between  this  maximum  point  and 
one  at  which  there  is  no  systematic  control  over 
manufacturing  variables  whatsoever,  there  exists  a 
wide  area  in  which  the  application  of  quality  con¬ 
trol  techniques  can  result  in  an  improved  product, 
reduction  of  waste,  savings  in  material  and  labor 
and  a  reduction  in  manufacturing  costs. 

The  term  quality  as  such  has  little  meaning  un¬ 
less  the  end  use  of  the  product  is  indicated.  Thus  a 
plywood  panel  bonded  with  a  highly  extended  urea 
glue  may  be  of  good  quality  and  entirely  satisfactory 
for  such  uses  as  dust  bottoms  or  case  backs  but  en¬ 
tirely  inadequate  for  exterior  applications.  Similarly, 
the  term  quality  has  a  meaning  only  when  it  is  re¬ 
lated  to  definable  and  measurable  characteristics  of 
the  product  involved.  It  is  in  this  connection  that 
standards  and  specifications  enter  the  picture.  With¬ 


out  them,  a  quality  control  system  has  no  basis.  For 
the  purpose  of  this  pape?  then  the  term  quality  will 
signify  conformance  to  a  given  set  of  standards. 

Any  quality  control  system  is  based  on  the 
premise  that  imperfections  in  a  product  are  caused 
by  variables  in  a  manufacturing  process.  At  the 
same  time  it  is  quite  obvious  that  absolute  control 
over  all  possible  variables  in  any  manufacturing 
process  is  impossible  to  attain  and  costly  to  ap¬ 
proach.  Through  systematic  control  over  the  more 
important  variables,  however,  the  overall  effect  of 
the  many  variables  encountered  can  be  minimized 
to  reduce  the  imperfections  appearing  in  the  final 
product. 

From  the  consumer  standpoint,  a  product  must 
be  acceptable  in  regard  to  both  quality  and  price. 
The  customer  is  interested  in  obtaining  the  highest 
possible  quality  at  the  lowest  possible  cost.  The 
manufacturer  is  primarily  interested  in  getting  the 
maximum  profit  from  the  application  of  his  raw 
material,  labor  and  capital  investment.  In  between 
these  two  extremes  is  a  zone  of  common  agreement 
between  the  consumer  and  the  manufacturer  where 
quality  meets  minimum  requirements  and  the  costs 
of  production  are  not  prohibitive.  In  this  connec¬ 
tion,  and  with  the  notable  exception  of  the  Douglas 
Fir  Plywood  Industry,  there  is  an  overall  lack  of 
uniform  standards  applying  to  all  phases  of  ply¬ 
wood  quality  that  are  accepted  by  both  producers 
and  consumers  of  plywood.  There  are  commercial 
standards  which  supposedly  apply  to  a  large  seg¬ 
ment  of  the  hardwood  plywood  industry  and  gov¬ 
ernment  specifications  which  have  a  more  restricted 
application.  However,  "what  the  customer  will  buy” 
is  usually  the  deciding  factor  governing  the  control 
of  plywood  quality  in  the  industry  today.  Not  only 
is  there  a  lack  of  uniformity  as  to  what  different  cus¬ 
tomers  will  accept  but  the  standards  vary  with  each 
customer,  depending  upon  the  forces  of  supply  and 
demand  and  other  factors  in  effect  at  the  time  each 
purchase  is  made. 

Under  the  above  circumstances  the  establishment 
of  uniform  standards  for  bond  quality  becomes  the 
responsibility  of  the  manufacturer.  For  this  reason 
this  paper  attempts  to  point  out  how  quality  con- 
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trol  techniques  can  be  applied  to  plywood  bonding 
operations  to  obtain  uniform  glue  bond  quality,  re¬ 
duced  production  costs,  reduction  of  waste,  and 
more  efficient  use  of  labor  and  equipment.  From  the 
outset,  however,  it  must  be  accepted  that  control 
over  glue  bond  quality  cannot  be  obtained  solely  by 
inspection  of  the  finished  panel.  Even  if  a  defective 
bond  is  detected  at  this  point,  it  is  difficult  to  state 
whether  the  glue,  the  glue  mix  or  any  one  of  the 
many  factors  involved  in  the  use  of  the  glue  mix 
was  primarily  at  fault.  Thus,  control  over  the  final 
quality  of  the  bond  must  begin  early  in  the  bonding 
operation  if  it  is  to  be  effective. 

A  systematic  control  over  the  entire  gluing  opera¬ 
tion  would,  of  necessity,  include  the  following: 

(1)  Checking  the  uniformity  and  suitability  of 
the  glue  and  other  raw  materials  used  in  the  glue 
mix.  (2)  Checking  the  uniformity  and  suitability 
of  the  glue  mix.  (3)  Maintaining  a  satisfactory 
control  over  the  important  variables  encountered  in 
the  gluing  operation.  (4)  Checking  the  bonded 
panels  for  conformance  to  minimum  standards  of 
bond  quality. 

As  quality  control  operations  are  essentially  non¬ 
productive  in  nature,  their  cost  must  be  figured  as 
indirect  expense.  Quite  obviously  a  staff  sufficiently 
large  to  maintain  constant  control  over  the  above 
mentioned  phases  of  quality  control  as  applied  to 
the  gluing  operation  would  become  burdensome  if 
not  prohibitive.  Therefore,  after  the  initial  quality 
control  system  has  become  established,  it  may  be 
maintained  by  a  system  of  spot  checks,  the  neces¬ 
sary  intensity  of  which  can  be  accurately  determined 
only  through  a  statistical  approach.  The  application' 
of  statistics  to  quality  control  programs  is  not  new 
and  considerable  data  has  been  published  on  this 
subject.^'  ->  * 

There  are  test  procedures  and  methods  available 
today  by  which  almost  every  variable  in  the  gluing 
operation  can  be  measured  and  analyzed.  The  con¬ 
sistency  of  a  glue  mix  can  be  measured  in  centi- 
poises.  The  moisture  content  of  wood  can  be  de¬ 
termined  in  percent  of  its  oven  dry  weight,  and 
temperature  in  degrees  F.  Flowever,  these  figures 
are  of  little  value  in  themselves  unless  it  is  known 
what  the  optimum  values  should  be  for  each  type  of 
glue,  eacn  panel  construction  and  their  acceptable 
limits,  when  the  interaction  of  all  variables  involved 
in  the  gluing  process  is  considered. 

Thus  because  the  glues  used  and  the  bonding 
conditions  encountered  vary  so  widely  in  all  plants 
throughout  the  plywood  industry,  it  is  currently 
necessary  for  each  manufacturer,  with  the  help  of 

*  Bethel,  J.  S.  Techniques  in  hardwood  plywood  quality 
control.  PrcKeedings  Forest  Products  Research  Society. 
Vol.  4:162-169. 

“  Ferris,  D.  W.  Statistical  controls  for  dimension  mate¬ 
rials.  Wood,  August  1947. 

*  Ferris,  D.  W.  Quality  control  formulas,  tables,  and 
processes  in  manufacturing  veneer.  National  Hardwood 
Magazine,  September  1947. 

‘  Grant,  E.  L.  Statistical  quality  control.  1946.  McGraw- 
Hill,  New  York. 


his  resin  glue  supplier,  to  develop  his  own  set  of 
limits  for  each  of  the  variables  in  the  bonding 
operation.  He  must  also  establish  an  initial  quality 
control  program  to  maintain  glue  bond  quality  based 
on  his  own  specific  requirements  or  desires. 

This  paper  will  be  restricted  to  a  discussion  of 
quality  control  as  applied  to  thermosetting  resins  as 
typified  by  the  urea,  melamine,  phenol  and  resorci¬ 
nol  types,  because  of  their  widespread  adoption  by 
the  furniture  and  plywood  industries. 

Raw  Material  Control 

The  types  of  resin  glues  available  today,  the  forms 
in  which  they  are  available  and  the  general  quality 
of  wood-to-wood  bonds  they  are  capable  of  creating 
are  fairly  well  known  and  will  not  be  discussed  as 
such  in  this  paper.  It  might  be  mentioned,  however, 
that  any  of  the  commercially  available  resin  glues 
are  capable  of  producing  bonds  stronger  than  the 
wood  itself  when  properly  prepared  and  used  under 
satisfactory  conditions.  Therefore,  selection  of  a 
resin  glue  for  any  particular  application  should  be 
made  with  a  view  toward  bond  permanence  or  dura¬ 
bility  under  the  most  severe  conditions  to  which  the 
assembly  will  be  exposed.  Thus,  for  exterior  expo¬ 
sure  or  marine  applications,  plywood  bonded  with 
phenol,  resorcinol  or  melamine  resin  glues  would 
retain  its  original  bond  strength  whereas  plywood 
bonded  with  a  urea  formaldehyde  resin  would  dete¬ 
riorate  at  a  rate  governed  by  the  severity  of  the 
conditions  encountered.  On  the  other  hand,  urea 
formaldehyde  resins  have  adequate  strength  and 
permanence  for  such  application  as  furniture  and 
interior  decorative  panels  and  in  addition  have  rela¬ 
tively  wide  latitude  in  handling  characteristics  cou¬ 
pled  with  low  cost. 

Control  over  incoming  raw  materials  used  in  the 
gluing  operation  not  only  insures  the  consumer  that 
he  is  getting  what  he  is  paying  for  but  demonstrates 
whether  or  not  a  given  product  has  the  required 
uniformity  from  batch  to  batch  and  is  otherwise 
suitable  for  use  in  his  specific  bonding  operations. 
Assuming  that  a  given  type  of  adhesive  has  been 
selected  and  is  well  suited  for  the  bonding  applica¬ 
tion  involved,  there  are  certain  characteristics  of  the 
resin  itself  that  have  a  definite  affect  on  ultimate 
bond  quality.  Certain  of  these  characteristics  are: 

( 1 )  Chemical  composition  of  the  resin  glue. 
(2)  Resin  solids  content.  (3)  Fillers,  modifiers, 
thinners  and  solvents.  (4)  Viscosity.  (5)  Age. 
(6)  pH  of  glue  line.  (7)  Reactivity  (set-time). 
(8)  Curing  characteristics.  (9)  Latitude  in  respect 
to  bonding  conditions.  (10)  Catalyst.  (11)  Storage 
life.  (12)  Bond  strength  (cohesive  and  adhesive 
properties) . 

However,  not  all  need  be  a  direct  concern  of  the 
plywood  manufacturer  if  it  can  be  demonstrated 
that  the  resin  is  uniform  from  batch  to  batch  and 
will  do  the  job  for  which  it  was  intended.  There¬ 
fore,  if  such  properties  as  resin  solids,  viscosity, 
reactivity,  and  storage  life  are  measured  and  found 
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to  conform  to  acceptable  standards,  the  glue  can 
safely  be  released  to  production.  The  proper  limits 
relative  to  each  of  these  properties  may  be  obtained 
from  resin  suppliers. 

There  are  in  use  today  several  methods  of  deter¬ 
mining  the  proportion  of  resin  solids  or  non-volatile 
matter  contained  in  liquid  thermosetting  resins.  One 
of  these,  ASTM  Test  Method  D115-48T,  is  repro¬ 
duced  here.  It  will  be  noted  that  resins  of  the 
phenolic  type  are  placed  in  constant-temperature 
ovens  maintained  at  132-138  deg.  C.  whereas,  other 
types  of  varnishes,  including  urea  resins,  are  dried 
in  a  similar  manner  at  105-110  deg.  C.  for  such 
determinations.  Determinations  of  the  resin  solids 
content  of  powdered  resins  involve  much  more  com¬ 
plicated  equipment  and  procedures  and  are  imprac¬ 
tical  for  most  resin  consumers  to  make.  Then  too, 
because  of  the  nature  of  the  product,  such  deter¬ 
minations  are  actually  unnecessary. 

NON-VOLATILE  MATTER  BY  WEIGHT 
ASTM  Test  Method  D115-48T 

Apparatus 

The  apparatus  shall  consist  of  the  following: 

(a)  Chemical  Balance. 

(b)  Thermometer.  A  glass  thermometer  having  a  range 
of  0  to  150  or  200°  C.  and  accurate  within  1°  C. 

(c)  Oven.  A  constant-temperature  oven. 

(d)  Bottle  and  Drying  Dishes.  A  stoppered  bottle  and 
flat-bottom  metal  drying  dishes.  Each  metal  drying  dish 
shall  have  an  inside  diameter  of  approximately  2^  in.  and 
a  depth  of  approximately  A  in. 

Note:  A  standard  single-friction  tin  can  cover  having 
a  diameter  of  2fi  in.  is  suitable  for  use  as  a  drying  dish. 

Procedure 

(a)  Preparing  Specimens.  A  portion  of  the  sample  of 
varnish  shall  be  placed  in  a  stoppered  bottle  or  weighing 
pipette  and  weighed.  A  specimen  weighing  approximately 
1.5  g.  shall  be  transferred  from  the  weighed  stoppered 
bottle  to  a  weighed  drying  dish  which  has  previously  been 
heated  for  30  min.  at  135  deg.  C.  and  cooled  in  a  desic¬ 
cator.  The  stoppered  bottle  with  the  remaining  contents 
shall  be  weighed  again.  The  exact  weight  of  the  specimen 
transferred  to  the  drying  dish  shall  be  determined  by 
difference.  A  total  of  three  specimens  shall  be  prepared 
from  the  contents  of  the  stoppered  bottle. 

(b)  Drying  Specimens.  The  specimens  shall  be  placed 
in  the  constant-temperature  oven  within  30  min.  after 
preparation.  The  specimens  shall  be  heated  for  a  period 
of  3  hr.  at  the  temperature  designated,  as  follows: 

Impregnating  varnishes  of  the  phenolic-resin  type  132- 
138  deg.  C. 

Other  types  of  insulating  varnishes  105-110  deg.  C. 
Note:  In  a  gravity  type  of  oven  which  depends  upon 
the  natural  circulation  of  air  for  uniformity  of  tempera¬ 
ture,  only  one  shelf  must  be  used  for  supporting  the  speci¬ 
mens,  and  the  bulb  of  the  thermometer  for  indicating  the 
temperature  shall  be  in  close  proximity  to  the  specimens. 

(c)  Weighing  Dried  Specimens.  At  the  termination  of 
the  3-hr.  heating  period,  the  specimens  shall  be  removed 
to  a  desiccator  and  cooled  to  room  temperature.  Each  speci¬ 
men  shall  be  weighed  immediately  upon  removal  from  the 
desiccator. 

Calculation  and  Report 

(a)  The  percentage  of  non-volatile  matter  by  weight 
shall  be  calculated  as  the  ratio  of  the  weight  of  the  dried 
specimen  to  the  weight  of  the  specimen  in  the  original 
state  expressed  as  a  percentage. 


(b)  The  report  shall  include  the  following: 

1.  Type  of  varnish  tested. 

2.  Oven  temperature  and 

3.  Percentage  of  non-volatile  matter. 

Of  the  many  methods  available  for  measuring  the 
viscosity  of  liquids  probably  the  ones  most  adapt¬ 
able  for  use  by  resin  glue  consumers  involve  the  use 
of  Parlin  or  ASTM  Consistency  Cups.  These  are 
available  with  orifices  of  several  different  sizes  to 
accommodate  liquids  over  a  wide  range  of  viscosi¬ 
ties.  Essentially,  each  method  consists  of  timing  the 
interval  required  for  a  definite  volume  of  resin  glue, 
which  has  been  previously  adjusted  to  a  specified 
temperature,  to  flow  through  the  orifice  of  the 
proper  cup,  and  converting  this  figure  to  absolute- 
viscosity  readings  by  the  use  of  Viscosity  Compari¬ 
son  Charts  of  the  type  available  from  the  Armour 
Chemical  Division,  Armour  &  Co.,  1355  W.  3l5t 
St.,  Chicago  9,  Illinois. 

The  reactivity  of  a  resin  glue  is  essentially  a 
measure  of  its  curing  speed  and  as  such  is  primarily 
of  importance  when  applied  to  relatively  rapid 
setting  resins  of  the  urea  and  resorcinol  type. 
Although  individual  manufacturers  of  resin  glues 
probably  have  specific  tests  well  suited  for  use  with 
their  own  resin  glues,  a  simple  method  requiring 
little  equipment  involves  only  the  addition  of  a 
specified  amount  of  a  standard  catalyst  to  a  known 
quantity'  of  the  resin,  adjusting  its  temperature  to 
a  predetermined  level,  commonly  77  deg.  F.,  and 
maintaining  the  mix  at  this  temperature  until  it  gels 
to  a  non-flowable  state.  The  length  of  time  required 
for  gelation  to  take  place  would  then  be  a  direct 
measure  of  its  reactivity. 

Certain  mixes  of  resin  glue  often  require  exces¬ 
sive  periods  of  time  to  gel  at  77  deg.  F.  Here  the 
use  of  a  home  made  oven  that  can  be  maintained 
at  140  deg.  F.  with  little  deviation  will  accelerate 
the  gelling  speed  and  reduce  the  time  required  to 
complete  the  test. 

Fig.  1  represents  a  schematic  drawing  of  an  in¬ 
expensive,  easily  constructed  oven  which  can  be  used 
for  this  purpose.  The  oven  may  be  constructed  of 
wood  or  metal  and  lined  with  asbestos  or  other  in¬ 
sulating  material.  Temperatures  in  the  oven  are  con¬ 
trolled  by  the  number  of  light  bulbs,  their  wattage 
and  the  amount  of  circulation  permitted.  The  venti- 


Fig.  1. — Schematic  drawing  of  home-made  laboratory  oven. 
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lating  holes  should  be  provided  with  sliding  covers 
so  that  the  amount  of  circulation  can  be  regulated. 
Of  course,  much  more  satisfactory  ovens  capable  of 
very  close  temperature  regulation  are  available  from 
laboratory  equipment  supply  houses. 

The  most  practical  method  of  measuring  the  stor¬ 
age  life  of  thermosetting  resin  glues  is  through 
periodic  measurement  of  its  viscosity.  When  the 
resin  has  increased  in  viscosity  to  the  point  where 
it  can  no  longer  be  used  under  normal  production 
conditions,  its  storage  life  is  said  to  have  come  to 
an  end.  As  the  aging  characteristic  of  resin  glues  is 
directly  related  to  the  temperature  at  which  the  glues 
are  stored,  accelerated  tests  may  be  made  by  storing 
the  test  samples  at  110  deg.  F.  rather  than  at  room 
temperature.  The  actual  values,  however,  are  of  no 
importance  unless  a  correlation  is  made  between  the 
accelerated  aging  characteristics  and  the  actual  stor¬ 
age  life  under  room  temperature  conditions  for  each 
material. 

An  oven  similar  to  one  used  to  obtain  resin  re¬ 
activity  measurements  but  regulated  to  110  deg.  F., 
is  satisfactory  for  such  accelerated  aging  tests.  Rep¬ 
resentative  samples  from  each  batch  of  resin  re¬ 
ceived  should  be  tested  for  storage  characteristics. 
Quite  obviously,  glue  should  not  be  held  in  storage 
pending  completion  of  tests  on  its  storage  life.  Such 
data  on  aging  characteristics  are  primarily  important 
as  a  measure  of  the  uniformity  of  the  resin  glue 
from  batch  to  batch  and  also  as  a  guide  to  the  pur¬ 
chasing  department  in  establishing  an  inventory 
control. 

When  plywood  or  other  bonded  wood  structures 
are  supplied  on  orders  in  which  government  speci¬ 
fications  are  involved,  the  problem  is  somewhat  sim¬ 
plified.  In  some  instances,  government  agencies  test 
available  resins  themselves  in  their  own  laboratories 
and  actually  list  those  which  may  be*  used  on  certain 
government  contracts.  In  other  cases,  it  is  specified 
that  the  glue  used  must  meet  the  requirements  of 
definite  specifications.  In  this  latter  instance,  it  is 
usually  the  custom  of  the  resin  glue  consumer  to 
request  from  his  supplier  certification  that  the  mate¬ 
rial  supplied  will  meet  the  requirements  of  the  speci¬ 
fications  involved.  Such  certification  may  or  may  not 
be  accompanied  by  actual  test  results  on  the  material 
shipped.  It  should  be  emphasized,  however,  that  any 
such  notice  of  certification  in  this  respect  states  only 
that  the  resin  as  supplied  will  meet  the  specification 
requirements  and  does  not  imply  that  finished  arti¬ 
cles  made  from  it  will  conform  to  related  process 
specifications. 

Control  over  the  quality  of  fillers,  extenders, 
modifiers,  thinners  and  other  additives  which  are 
used  with  thermosetting  resin  glues  is  obviously  im¬ 
portant  because  of  the  direct  influence  they  have  on 
glue  line  quality.  Of  these  additives,  the  one  prob¬ 
ably  subject  to  most  variation  is  wheat  flour  which 
is  commonly  used  as  an  extender  for  urea  resin 
glues.  Although  a  definite  type  of  wheat  flour  may 
be  desiiabif  for  a  specific  application,  either  summer 


or  winter  wheat  flour  is  suitable  for  use  as  an  ex¬ 
tender.  However,  an  unbleached  flour  and  one  un¬ 
modified  with  chemicals  such  as  those  found  in  self¬ 
rising  flour  should  always  be  specified.  Once  a  flour 
gives  the  proper  viscosity,  spreading  and  handling 
characteristics,  its  gluten  content,  ash  content  and 
viscosity  should  be  determined.  Then  future  pur¬ 
chases  can  be  made  on  a  specification  which  will 
ascertain  procurement  of  flour  with  similar  charac¬ 
teristics.  The  object  in  this  case  is  to  purchase  flour 
having  similar  characteristics  from  shipment  to 
shipment  and  not  necessarily  to  purchase  the  same 
brand  each  time. 

The  following  form  has  been  prepared  as  a  sug¬ 
gested  system  of  keeping  records  on  each  batch  of 
resin  purchased. 

RAW  MATERIAL  CONTROL— RESIN  GLUE 


Preparation  of  Glue  Mixes 

After  a  particular  batch  of  resin  glue  has  been 
released  to  production,  three  tests  may  be  applied 
to  almost  any  thermosetting  resin  glue  mix  to  insure 
reasonably  accurate  control  over  the  preparation  of 
the  glue  for  use.  These  are  (1)  viscosity,  (2)  gel 
time  and  (3)  working  life. 

The  viscosity  of  a  glue  mix  has  a  definite  rela¬ 
tionship  to  its  spreading  and  handling  character¬ 
istics.  Once  the  acceptable  range  in  viscosity  has 
been  determined  for  each  type  of  glue  mix  and 
bonding  application,  only  reasonable  care  in  mixing 
should  be  necessary  to  maintain  a  uniform  viscosity 
from  batch  to  batch.  A  procedure  for  measuring  the 
viscosity  of  resin  glue  has  been  discussed  previously. 
The  same  procedure  may  be  used  for  measuring  the 
viscosity  of  glue  mixes.  However,  it  is  important  to 
select  a  cup  with  an  orifice  sufficiently  large  to  in¬ 
sure  completion  of  the  test  within  two  minutes  when 
making  determination  on  resin  glues  extended  with 
wheat  flour.  This  will  minimize  errors  arising  from 
the  thixotropic  nature  of  such  mixes.  Since  it  is  the 
temperature  of  the  glue  mix  in  use  that  will,  in 
some  measure,  determine  its  working  viscosity,  it  is 
probably  not  only  unnecessary  but  undesirable  as 
well,  to  adjust  the  temperature  of  the  mix  to  a  con¬ 
stant  temperature  before  making  viscosity  measure¬ 
ments.  If  possible,  the  viscosity  measurements 
should  be  made  at  the  probable  temperature  of  the 
glue  mix  in  use. 

A  method  for  determining  the  reactivity  of  a 
resin  glue  has  been  suggested  in  an  earlier  section. 


Resin  Glue  and  Manufacturer _ 

Type - 

Batch  Number _ 

Quantity  Received _ 

Date  Received  _ 

Date  samples  taken _ 

Resin  solids  content _ 9^ 

Gel  time  at  140°  F _ minutes 

Viscosity _ centipoise  at  77°  F. 

Remarks  or  recommendations; 

Tested  by _ date _ 

Approved _ date 

Not  approved _ date 

Remarks  _ 
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A  similar  method  may  be  used  to  ascertain  the  gel 
time  of  prepared  production  mixes  as  a  means  of 
insuring  uniformity  from  mix  to  mix.  However,  in 
this  case,  a  sample  of  each  actual  production  mix  is 
maintained  at  a  constant  temperature  until  it  gels 
rather  than  simply  a  mixture  of  the  resin  glue  and 
a  standard  catalyst.  Once  adequate  gel  time  limits 
are  established,  they  may  be  used  to  guard  against 
failure  to  add  the  proper  catalyst  in  the  correct 
amount  and  again.st  contamination  of  the  mix. 

The  working  life  of  a  mix  is  a  measure  of  its 
usable  life  and  may  or  may  not  be  close  to  its  gel 
time.  The  working  life  ends  when  the  viscosity  of 
the  mix  rises  to  the  point  where  the  rate  of  glue 
spread  can  no  longer  be  adequately  controlled  with¬ 
out  frequent  adjustment  of  the  spreader.  For  ex¬ 
ample,  a  freshly  prepared  glue  mix  might  be  spread 
at  a  rate  of  from  28  to  32  lbs.  per  1,000  sq.  ft.  of 
single  glue  line  area  by  a  given  adjustment  of  the 
spreader.  As  the  age  of  the  glue  mix  increases,  the 
mix  will  gradually  increase  in  viscosity  until  the 
rate  of  spread  has  gone  beyond  this  range.  When 
this  occurs,  the  working  life  of  the  mix  has  been 
exceeded.  A  method  of  measuring  the  rate  of  glue 
spread  will  be  discussed  in  detail  in  a  later  section 
of  this  paper. 

If  uniform  batches  of  resin  are  to  be  prepared, 
precautions  should  be  taken  to  insure  that  the  pro¬ 
portions  of  resin  glue,  fillers,  extenders,  catalysts, 
and  other  additives  recommended  by  the  supplier 
are  accurately  weighed  or  otherwise  controlled 
within  close  limits.  Weighing  and  mixing  equip¬ 
ment  should  be  kept  clean.  Accurately  calibrated 
volumetric  methods  are  probably  most  satisfactory 
for  measuring  quantities  of  liquids.  Whenever 
possible,  powdered  resins  or  flour  should  be  used 
in  unit-package  quantities.  Formulas  for  each  glue 
mix  should  be  carefully  typed  and  placed  in  glassene 
envelopes  and  located  in  a  suitable  place  near  the 
mixing  operation.  The  exact  mixing  procedure 
should  also  be  included  with  each  formula  and  its 
details  carefully  followed  each  time  a  mix  is  pre¬ 
pared. 

Since  control  over  the  mixing  operation  demands 
the  preparation  of  mixes  with  definite  limits  in  re¬ 
gard  to  such  properties  as  viscosity,  gel  time  and 
working  life,  the  possibility  that  the  glue  mix  does 
not  have  the  proper  bonding  characteristics  is 
avoided.  Thus  the  danger  of  producing  large  quan¬ 
tities  of  plywood  with  sub-standard  bonds  is  greatly 
reduced. 

'•  Control  Over  Gluing  Variables 

The  actual  mechanics  by  which  a  bond  between 
adjacent  pieces  of  wood  is  produced  with  thermo¬ 
setting  resin  glues  can  be  broken  down  into  several  ^ 
clear-cut  stages  for  convenience  in  following  the 
glue’s  action  from  the  time  it  is  spread  until  it 
hardens  to  form  the  final  bond.  After  the  glue  has 
been  spread  on  the  wood  and  the  mating  surfaces 
to  be  bonded  are  brought  into  contact,  the  glue 
flou'.f  into  a  continuous  film  between  the  wood 


layers,  transfers  to  the  unspread  surface,  penetrates 
both  surfaces,  wets  the  wood  structure  and  finally 
hardens  into  its  final  cured  state.  If  the  conditions 
which  influence  each  of  these  five  phases  of  bond 
formation  are  within  acceptable  limits,  each  phase 
completes  its  particular  function  and  a  strong, 
durable  bond  results.  However,  if  one  or  more 
factors  disrupts  this  exact  sequence  of  steps,  hard¬ 
ening  of  the  glue  takes  place  and  halts  the  sequence. 

The  first  three  stages  of  bond  formation  depend 
upon  the  movement  or  fluidity  of  the  glue  mix. 
Fortunately,  the  factors  governing  these  3  phases  of 
bond  formation  are  well  known  and  are  subject  to 
the  control  of  the  plywood  manufacturer.  The 
fourth  stage,  wetting  of  the  wood  substance,  is  a 
much  more  difficult  phase  of  bond  formation  to  de¬ 
fine  and  is  thought  to  consist  of  a  linking  of  the 
wood  substance  and  the  glue  through  the  medium 
of  attractive  forces  which  are  normally  found  in 
each.  The  manufacturer  has  little  direct  control  over 
this  phase  of  bond  formation,  although  he  can  pro¬ 
mote  the  conditions  which  favor  it  by  properly  pre¬ 
paring  the  wood  for  bonding  and  by  carefully  mix¬ 
ing  and  handling  the  glue.  The  fifth  stage,  harden¬ 
ing  of  the  glue,  primarily  depends  upon  the  nature 
of  the  glue  mixture  and  such  factors  as  temperature 
and  the  amount  of  moisture  at  the  glue  line,  which 
directly  affect  the  rate  of  cure. 

The  factors  which  control  the  fluidity  of  the  glue,, 
its  interaction  with  the  wood  substance,  and  finally, 
hardening  of  the  glue  are  as  follows: 

(1)  Temperature  of  glue  room,  (2)  Temperature 
of  glue  mix,  (3)  Relative  humidity  of  glue  room. 
(4)  Rate  of  glue  spread,  (5)  Uniformity  of  glue 
spread,  (6)  Condition  of  glue  spread,  (7)  Assembly 
time,  (8)  Pressure  applied  to  assembly,  (9)  Tem¬ 
perature  at  glue  line,  (10)  Species  of  wood,  (11) 
Moisture  content  of  wood  and  its  uniformity  of 
distribution,  (12)  Temperature  of  wood,  (13)  Con¬ 
dition  of  wood  surface  in  respect  to  cleanliness  and 
smoothness,  (14)  Random  occurrence  of  heartwood 
and  sapwood,  (15)  Number  of  plies,  (16)  Thick¬ 
ness  or  plies. 

The  details  of  the  relationship  of  these  factors 
to  bond  formation  are  discussed  in  the  following 
sections. 

Stock  Control 

The  condition  of  the  veneers  at  the  time  of 
gluing  has  a  very  definite  influence  on  bond  quality'. 
While  the  species  which  are  available  for  use,  the 
random  occurrence  of  heart  and  sapwood,  and  the 
individual  gluing  characteristics  of  each  species  are 
not  subject  to  the  control  of  the  manufacturer,  such 
factors  as  the  moisture  content  of  the  stock,  the 
occurrence  of  thick  and  thin  veneers  and  the  tem¬ 
perature  and  surface  condition  of  the  stock  can  be 
controlled  within  acceptable  limits. 

Theoretically,  wood  and  veneers  should  be 
bonded  at  the  equilibrium  moisture  content  which 
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they  will  assume  in  actual  use  if  flat,  stress-free 
panels  are  to  be  obtained.  However,  this  equilibrium 
moisture  content  frequently  is  hard  to  predict  and  is 
quite  often  outside  the  range  considered  optimum 
for  best  bond  production.  Then,  too,  other  factors 
may  control  or  prescribe  the  moisture  content  of  the 
stock  to  be  glued.  It  has  been  found  from  a  prac- 
iical  standpoint  that  if  the  range  in  moisture  content 
of  the  stock  can  be  controlled  within  prescribed 
limits,  other  variables  in  the  bonding  operation  can 
be  adjusted  to  produce  bonds  of  uniform  quality. 
It  can’t  be  emphasized  too  strongly  that  an  average 
figure  representing  the  moisture  content  of  stock  to 
be  glued  is  meaningless.  For  example,  it  is  com¬ 
monly  recommended  that  a  satisfactory  average 
moisture  content  for  cold  press  gluing  stock  in 
operations  employing  urea  resin  glues  is  10  percent. 
Deviation  from  this  average  should  not  exceed  plus 
or  minus  2  percent  and  emphasis,  therefore,  should 
be  placed  on  obtaining  a  satisfactory  range  of  mois¬ 
ture  content — normally  8  to  12  percent.  However, 
it  is  not  uncommon  to  have  the  moisture  content  of 
gluing  stock  vary  from  2  to  20  percent  and  still 
have  the  average  fall  near  10  percent.  Should  this 
happen,  however,  results  in  terms  of  bond  quality 
and  panel  flatness  would  be  decidedly  different. 

Methods  of  drying  veneer  and  lumber  to  fairly 
uniform  levels  of  moisture  content  are  well  known. 
For  best  results,  veneers  are  usually  separated  as  far 
as  possible  by  species,  heartwood  and  sapwood  and 
thickness  and  separate  drying  schedules  prepared 
for  each.  However,  unless  veneers  and  lumber  are 
stored  under  conditions  of  temperature  and  relative 
humidity  which  will  maintain  the  proper  moisture 
content  limits  until  the  stock  is  glued,  the  excellence 
of  the  original  drying  procedure  is  of  little  impor¬ 
tance.  In  fact,  during  the  winter  months  difficulty  is 
often  encountered  in  the  bonding  operation  simply 
because  the  stock  has  continued  to  dry  under  storage 
conditions  until  it  has  less  than  the  minimum  mois¬ 
ture  content  essential  for  good  bond  formation.  For 
example,  assuming  a  constant  relative  humidity  of 
75  percent  outside  a  manufacturing  plant,  the  fol¬ 
lowing  table  indicates  the  relative  humidity  and 
equilibrium  moisture  content  of  the  wood  stored 
inside  the  plant  when  the  inside  temperature  re¬ 
mains  at  72  deg.  F.  and  the  outside  temperature 
varies. 

Outside  temperature  CorrespondinK  inside  conditions  when 
deg.  F.  plant  is  maintained  at  72  deg.  F. 

(Constant  relative  - — - — - 


humidity  of  Relative  humidity  Equilibrium  moisture 


75  percent) 

percent 

content — percent 

70 

70.1 

13.0 

40 

23.5 

5.0 

30 

15.6 

3.6 

0 

3.0 

less  than  1 

—10 

2.1 

less  than  1 

Control  of  the  equilibrium  moisture  content  of 
stock  during  long  periods  of  storage  can  be  accom¬ 
plished  by  artificially  humidifying  the  plant  to  the 
level  necessary  to  sustain  the  moisture  content  of  the 


stock  at  the  proper  level.  The  following  table  indi¬ 
cates  certain  relative  humidity — equilibrium  mois¬ 
ture  content  relationships  at  70  deg.  F. 


Equilibrium  Moisture  Content  — 
R<-lative  humidity  at  70  deg.  F.  percent 


10 

2.5 

20 

4.6 

30 

6.0 

40 

7.6 

50 

9.1 

60 

11.0 

70 

13.0 

80 

16.0 

90 

20.8 

100 

31.0 

The  amount  of  moisture  contained  in  wood  has  a 
major  influence  on  the  mobility  of  the  glue  during 
bond  formation  and,  therefore,  affects  flow,  transfer 
and  penetration  of  the  glue  mix  to  a  marked  degree 
and  affects  the  wetting  of  the  wood  substance  and 
cure  of  the  resin  to  a  slightly  lesser  degree.  Assum¬ 
ing  that  all  other  conditions  influencing  bond  forma¬ 
tion  remain  the  same,  variations  in  moisture  content 
of  the  stock  can  produce  bonds  which  vary  from  the 
starved  condition  at  excessively  high  levels  to  a  dr}' 
condition  at  excessively  low  levels. 

The  use  of  drying  ovens  and  electrical  moisture 
meters  for  the  measurement  of  the  moisture  content 
of  lumber  and  veneer  is  so  generally  understood  that 
their  use  as  quality  control  instruments  will  not  be 
discussed  here.  However,  moisture  meters  should  be 
checked  and  adjusted  by  the  manufacturer  of  the 
meter  at  regular  intervals. 

The  condition  of  the  stock  in  respect  to  uni¬ 
formity  of  thickness  and  condition  of  the  surfaces 
is  very  important.  Quite  obviously  thin  spots  will 
receive  insufficient  pressure  in  the  bonding  opera¬ 
tion  to  provide  proper  flow,  transfer  and  penetra¬ 
tion  of  the  glue  mix.  Conversely,  thick  areas  will 
receive  excessive  pressure,  a  condition  promoting 
excessive  flow  and  penetration  of  the  glue  mix.  No 
less  important  is  the  inability  of  the  spreader  oper¬ 
ator  to  maintain  a  uniform  glue  spread  if  the  stock 
presented  to  him  is  not  reasonably  uniform  in  thick¬ 
ness.  Control  over  the  thickness  of  veneers  must  be 
brought  about  prior  to  the  bonding  operation  as  it 
is  too  late  to  do  much  about  thick  and  thin  stock 
once  it  is  presented  to  the  spreader  crew. 

It  was  mentioned  earlier  that  wetting  of  the  wood 
substance  by  the  glue  mix  is  important  to  the  crea¬ 
tion  of  a  good  bond.  This  statement  is  based  on  the 
theory  that  under  some  conditions  much  of  the 
strength  and  permanence  of  a  glue  bond  is  the  result 
of  a  strongly  polar  attraction  between  the  glue  and 
the  wood  itself.  This  theory  is  opposed  to  an  earlier 
held  viewpoint  that  a  mechanical  interlocking  of 
the  glue  w'ithin  the  wood  voids  was  entirely  re¬ 
sponsible  for  the  bond  strength  and  permanence. 
Therefore,  any  contamination  of  the  wood  surfaces 
by  such  nonpolar  substances  as  oil  or  grease  or 
preparation  of  the  wood  surfaces  in  such  a  manner 
that  the  polarity  of  the  wood  will  be  destroyed  may- 
decrease  the  attraction  between  the  wood  and  the 
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glue  and  result  in  inferior  bond  quality.  Allowing 
veneers  or  lumber  to  remain  on  flats  or  in  storage 
for  long  periods  of  time  after  preparation  for  glu¬ 
ing  can  possibly  reduce  the  force  of  specific  adhesion. 
In  fact,  it  is  suspected  that  many  species,  including 
ponderosa  pine,  should  be  bonded  very  quickly  after 
the  stock  is  prepared  for  gluing,  especially  when 
urea  resins  are  used  as  the  bonding  agent.  Control 
over  this  phase  of  the  bonding  operation  depends 
on  careful  scheduling  of  veneers  and  wood  so  that 
there  is  no  need  of  its  being  stored  over  long  peri¬ 
ods  of  time  before  bonding  and  careful  handling  to 
prevent  contamination. 

Temperature  of  the  stock  before  gluing  has  a  defi¬ 
nite  influence  on  the  fluidity  of  the  glue  mix  and 
its  curing  characteristics — especially  in  cold  press 
bonding  applications.  The  properties  and  activity 
of  the  spread  glue  are  governed  by  the  actual  glue 
line  temperature.  They  are  not  directly  influenced 
by  the  temperature  indicated  by  a  thermometer 
located  five  or  six  feet  high  on  a  convenient  post  or, 
in  the  case  of  hot  press  bonding  operations,  by  the 
platen  temperature. 

Thus,  stock  presented  to  the  glue  foreman  for 
assembly  into  panels  should  meet  certain  prescribed 
standards  of  uniformity  for  moisture  content,  thick¬ 
ness,  condition  of  the  surfaces  to  be  bonded  and 
temperature  or  the  other  quality  control  measures 
adopted  will  be  only  partially  effective. 

Glue  Spread 

The  use  of  more  glue  than  is  acually  necessary  to 
obtain  a  satisfactory  bond  is  not  only  expensive  but 
can  cause  a  reduction  in  glue  line  quality  through 
its  effect  on  the  behavior  of  the  glue  during  bond 
formation.  Conversely,  less  glue  than  the  optimum 
quantity  always  results  in  decreased  bond  quality. 
Attempting  to  lower  production  costs  by  arbitrarily 
reducing  the  rate  of  glue  spread  is  usually  veiy 
poor  economy. 

Control  over  the  quantity  of  glue  spread  per  unit 
of  glue  line  area  should  a  relatively  simple  op¬ 
eration  if  (1)  the  glue  mixes  are  of  uniform  con¬ 
sistency  from  batch  to  batch  and  remain  so  until 
consumed,  (2)  the  spreading  equipment  is  main¬ 
tained  in  good  condition  and  is  properly  adjusted 
and  (3)  the  stock  being  fed  through  the  spreader 
is  reasonably  uniform  in  thickness  and  smoothness 
of  surface. 

Methods  of  measuring  the  rate  of  glue  spread 
usually  involve  weighing  a  piece  of  veneer  both  be¬ 
fore  and  after  it  is  passed  between  the  spreader  rolls 
and  converting  the  gain  in  weight  to  spread  per 
1,000  square  feet  of  glue  line  area.  The  most  satis¬ 
factory  size  sample  to  use  for  spread  determinations 
is  one  that  equals  or  approaches  the  width  of  the 
veneers  used  in  production.  A  hanging  balance  cali¬ 
brated  in  grams  or  ounces  from  which  is  suspended 
a  wood  or  metal  bar  having  clips  to  hold  the  veneer 
is  ideally  suited  for  this  purpose.  The  use  of  small 
sized  pieces  of  veneer  for  such  determinations  is 


inaccurate  because  pressure  from  the  spreader  rolls 
would  be  higher  on  a  small  test  piece  than  on  full 
width  veneers  used  in  production.  For  maximum 
uniformity  of  spread,  all  veneers  should  be  passed 
through  the  spreader  with  the  grain  direction  at  the 
same  angle  to  the  spreader  rolls. 

It  is  possible  to  maintain  almost  any  prescribed 
rate  of  glue  spread  within  reasonable  limits  with 
little  or  no  necessity  for  frequent  adjustment  of  the 
spreader  as  long  as  mixes  of  uniform  consistency  art- 
prepared,  a  suitable  spreader  in  good  working  con¬ 
dition  is  used,  and  the  condition  of  the  veneers 
remains  relatively  constant. 

The  spreading  equipment  must  not  only  be  suit¬ 
able  for  the  type  of  resin  being  used  but  it  must  be 
kept  in  good  condition  if  uniform  spreads  are  to  be 
maintained.  A  rubber  rolled  spreader  with  rolls 
having  between  16  and  20  grooves  per  inch  is  rec¬ 
ommended  for  use  with  cold  press  urea  resin  mixes. 
Spreader  rolls  having  between  20  and  24  grooves 
per  inch  are  more  suitable  for  spreading  unextended 
resins  of  all  types  and  particularly  those  of  the 
phenol  type  which  do  not  require  such  high  rates 
of  spread.  Frequent  regrooving  of  the  spreader  rolls 
will  not  be  necessary  if  the  rolls  are  properly  cleaned 
at  the  end  of  each  working  day  and  narrow  veneers 
are  not  always  passed  through  the  same  areas  of  the 
rolls.  Non-uniform  spreads  are  frequently  traced  to 
worn  spreader  rolls,  worn  bearings,  rolls  not  in  ad¬ 
justment  and  doctor  rolls  not  in  alignment  with  the 
spreader  rolls.  The  corrective  measures  here  are 
obvious. 

Too  much  variation  in  the  stock  in  regard  to 
thickness,  smoothness,  flatness  and  porosity  can  also 
cause  non-uniform  spreading  and  for  this  reason 
such  variations  should  be  reduced  as  much  as  pos¬ 
sible  consistent  with  the  raw  materials  and  manu¬ 
facturing  equioment  available.  It  goes  without  say¬ 
ing  that  a  change  to  veneers  of  different  thickness 
and  different  sizes  will  require  adjustment  of  the 
spreader.  It  is  realized  that  variation  in  stock  can¬ 
not  be  eliminated  but  in  most  instances  the  amount 
of  such  variation  can  be  held  within  workable  lim¬ 
its  without  excessive  cost. 

Adjustment  of  the  spread  should  be  made  by- 
qualified  personnel  with  the  aid  of  sample  veneers 
and  a  balance  and  not  by  haphazard  judgment  on 
the  part  of  anyone  in  the  spreader  crew  if  maximum 
economy  and  glue  bond  quality  are  to  be  realized. 

Assembly  Time 

The  primary  effect  of  increasing  increments  of 
assembly  time  on  bond  formation  is  a  reduction  in 
the  degree  of  flow,  transfer  and  penetration  of  the 
glue  mix.  If  assembly  times  are  too  long,  the 
sequence  can  be  halted  at  any  point  by  the  thicken¬ 
ing  and  hardening  of  the  resin  and  the  resultant 
bonds  will  be  substandard.  However,  assembly  times 
s«  short  that  excessive  flow  and  penetration  occurs 
will  likewise  result  in  substandard  bonds — though 
from  vastly  different  reasons.  For  each  type  of  glue 
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and  set  of  bonding  conditions  there  is  a  range  of 
assembly  time  limits  which  will  promote  the  pro¬ 
duction  of  uniform  bonds  of  acceptable  quality. 
Broad  limits  usually  can  be  prescribed  by  your  resin 
glue  supplier  but  optimum  limits  for  any  operation 
can  only  be  obtained  by  experimentation.  Once 
these  limits  are  established,  however,  control  meas¬ 
ures  are  obvious.  The  general  relationship  between 
assembly  time  and  bond  strength  for  all  resin  glues 
will  be  similar  to  the  illustration  for  resorcinol  resin 
glue  in  Figs.  2  and  3,  but  specific  values  of  bond 
strength  and  assembly  time  will  be  different  for 
each  glue. 


Fig.  2. — Effect  of  open  assembly  time  on  shear  strength  of 
sugar  maple  glued  with  Bakelite  resin  glue  BC-17613 


proximately  200-250  psi.  for  adequate  bonding 
pressure,  medium  density  woods  150-200  psi.  and 
low  density  woods  100-150  psi.  Classification  of 
woods  into  high,  medium  and  low  density  groups  is 
usually  based  on  specific  gravity  as  follows: 

Specific  gravity 

High  density  woods _ 0.56  and  over 

Medium  density  woods _ 0.41-0.55 

Low  density  woods _ 0.40  and  lower 

Usually  these  specific  gravity  determinations  are 
based  on  the  oven  dry  weight  of  the  wood  and  its 
\olume  at  12  percent  moisture  content. 

As  a  further  aid  in  classifying  commonly  used 
woods  into  their  proper  density  classification,  the 
following  tabulation  is  presented. 


Bonding  Pressure 

The  function  of  pressure  in  bond  formation  is  to 
bring  the  mating  surfaces  to  be  bonded  into  con¬ 
tact  thus  providing  the  conditions  necessary  for  the 
proper  flow,  transfer  and  penetration  of  the  glue 
mix.  Equally  important  as  the  total  amount  of  pres¬ 
sure  is  its  proper  distribution  and  maintenance  over 
the  entire  glue  area. 

Too  much  pressure  not  only  promotes  excessive 
flow  and  penetration  of  the  glue  mix  but  causes 
permanent  compression  of  the  veneers  themselves. 
Insufficient  pressure  results  in  a  failure  to  bring  the 
mating  surfaces  into  proper  contact  and  does  not 
provide  the  conditions  necessary  for  proper  move¬ 
ment  of  the  glue  mix. 

Generally  speaking  when  pressures  are  applied  by 
mechanical  means  high  density  woods  require  ap¬ 


High  density 

Medium  density 

Low  density 

species 

species 

species 

Ash,  white 

Ash,  black 

Basswood 

Beech,  American 

Cherry,  black 

Chestnut 

Birch,  yellow 

Elm,  American 

Cottonwood 

Elm,  rock 

Gum,  sweet 

Poplar,  yellow 

Maple,  hard 

Hackberry 

Willow 

Oak,  commercial 

Magnolia 

red 

Mahogany 

Oak,  commercial 

Maple,  soft 

white 

Prima  Vera 

Pecan 

Sycamore 

Tupelo 

Walnut,  American 

Charts  or  tables  indicating  the 

gauge  pressui 

required  for  a  definite  glue  line  pressure  for  various 
panel  sizes  are  usually  available  from  press  manu¬ 
facturers  but,  of  course,  apply  only  to  a  specific 
press.  Such  data  can  be  checked  or  tables  prepared 
by  application  of  the  following  formula: 


Glue  line  pressure _ Gauge  pressure  (psi.)  X  of  rams  (sq.  in.) 

(psi.)  —  Panel  area  (sq.  in.) 
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Thus  the  determination  of  proper  glue  line  pres¬ 
sures  and  their  translation  into  gauge  readings  is 
relatively  simple  and  subject  to  easy  control.  On  the 
other  hand,  much  more  subtle  factors  involving  the 
use  of  labor  and  equipment  can  prevent  the  appli¬ 
cation  of  properly  distributed  pressure  to  glued  as¬ 
semblies.  Presses  must  be  periodically  checked  for 
proper  alinement  of  platens  and  to  ascertain  that 
each  ram  is  applying  equal  pressure.  Panels  placed 
in  the  presses  must  be  perfectly  alined  vertically  and 
care  must  be  taken  to  insure  that  small  panels 
bonded  between  the  same  platens  or  caul  boards  are 
of  uniform  thickness  or  pressure  will  not  be  uni¬ 
form  and  damage  to  the  platens  can  (xcur.  In  cold 
press  bonding  operations  it  is  also  necessary  to  space 
the  I-beams  and  clamps  in  such  a  manner  that  an 
equal  area  falls  under  the  influence  of  each  I-beam. 
Their  vertical  alinement  is  no  less  important  since 
it  determines  how  well  pressure  will  be  maintained 
when  the  bales  are  removed  from  the  press.  Head 
boards  and  cauls  should  be  of  adequate  thickness 
and  uniformity  to  counteract  any  inequalities  arising 
from  non-uniformity  among  the  veneers. 

Usually  the  glue  foreman  is  responsible  for  the 
application  of  the  above  mentioned  controls  but  he 
quite  often  overlooks  one  or  more  factors  in  the 
performance  of  his  other  duties.  Systematic  quality 
control  checks  are  therefore  practical  and  justifiable. 

•  Temperature 

Outside  of  the  fact  that  each  resin  glue  has  cer¬ 
tain  minimum  temperature  requirements  for  com¬ 
plete  cure,  temperature  also  has  a  marked  effect  on 
the  flow  and  penetration  of  the  glue  mix.  The  rate 
of  cure  of  thermosetting  resin  glues  increases  in 
direct  proportion  to  increases  in  temperature  at  the 
glue  line.  Rate  and  degree  of  flow  and  penetration 
also  increase  as  the  glue  line  temperature  rises. 
Thus,  as  you  might  expect,  plywood  bonds  pro¬ 
duced  under  similar  conditions  in  all  respects  except 
curing  temperature  could  have  vastly  different  char¬ 
acteristics. 

In  cold  pressing  operations  flow,  transfer  and 
penetration  of  the  resin  can  occur  only  if  the  glue 
mix  itself  has  the  necessary  mobility  to  perform 
these  functions.  Similarly,  cure  of  the  resin  in  a  rea¬ 
sonable  length  of  time  depends  solely  on  the  action 
of  the  catalyst.  Thus,  minimum  glue  line  tempera¬ 
tures  are  specified  for  thermosetting  resin  glues  be¬ 
cause  of  the  effect  of  heat  on  all  phases  of  bond 
formation.  In  this  connection  it  is  once  more  em¬ 
phasized  that  the  temperature  at  the  glue  line  is 
responsible  for  the  movement  and  cure  of  resin  glue 
and  that  platen  temperatures  or  room  temperatures 
are  a  factor  only  in  a  very  remote  sense  if  at  all. 

When  hot  rooms  or  kilns  are  used  to  accelerate 
the  cure  of  bales  of  cold  press  panels,  adequate  cir¬ 
culation  should  be  provided  to  prevent  air  stratifica¬ 
tion.  Fans  should  be  located  and  circulation  tested 
with  artificially  produced  smoke  when  the  room  is 
loaded  with  bales.  When  a  hot  room  is  not  used. 


the  space  where  the  bales  are  stored  should  be  iso¬ 
lated  with  baffles  four  or  five  feet  in  height  to  pre¬ 
vent  cold  drafts  which  originate  at  doors  and  win¬ 
dows  during  the  winter  months  from  circulating 
around  the  bales. 

Electrical  measuring  devices  consisting  of  a  ther¬ 
mocouple  and  a  standardized  galvanometer  possess¬ 
ing  a  dial  reading  directly  in  degrees  Fahrenheit  are 
convenient  for  checking  actual  glue  line  tempera¬ 
tures  under  any  and  all  external  conditions.  Simi¬ 
larly,  recording  thermometers  are  helpful  in  main¬ 
taining  a  record  of  the  temperature  conditions  sur¬ 
rounding  bales  of  cold  press  panels  during  their 
curing  period. 

In  hot  press  bonding  operations  the  recommended 
platen  temperatures  for  each  glue  should  be  main¬ 
tained  uniformly  over  the  entire  area  of  the  platens 
by  maintenance  of  adequate  steam  pressure  (not 
less  than  10  psi.  under  ordinary  conditions),  syste¬ 
matic  inspection  and  maintenance  of  steam  traps  to 
insure  their  proper  functioning,  and  periodic  check¬ 
ing  of  platen  temperature  with  a  pyrometer,  grease 
pencils  or  other  means  to  locate  cold  spots.  In  the 
absence  of  suitable  equipment  to  check  platen  tem¬ 
peratures,  the  platens  should  be  "blown-out”  at  suit¬ 
able  intervals  to  eliminate  possibly  waterlogged 
areas. 

Press  closing  time  should  be  held  to  a  minimum 
by  proper  maintenance  of  pumps,  pump  lines  and 
rams. 

Pressure  Cycles 

The  length  of  time  a  panel  must  remain  under 
pressure  is  a  function  of  the  type  of  resin  glue 
used,  the  glue  line  temperature,  characteristics  of 
the  catalyst,  amount  and  characteristics  of  the  ex¬ 
tenders,  fillers  and  modifiers  used,  moisture  content 
of  the  wood  and  other  factors.  Minimum  clamp  or 
press  time  for  flat  plywood  is  assumed  as  having 
been  accomplished  when  the  glue  joint  has  attained 
sufficient  strength  to  permit  removal  of  the  pressure 
and  to  allow’  the  section  that  has  been  bonded  to  be 
stacked  or  handled  lightly  without  impairing  the 
quality  of  the  glue  bond.  Certain  other  types  of 
assemblies  such  as  molded  or  curved  plywood  which 
have  stressed  glue  lines  require  that  the  glue  bond 
approach  its  maximum  strength  values  before  re¬ 
lease  of  pressure. 

Fig.  4  shows  the  relationship  of  the  shear  strength 
of  sugar  maple  bonded  with  BAKELITE  BC-17613 
resorcinol  type  resin  to  clamp  time  at  70  deg.  F., 
90  deg.  F.  and  110  deg.  F.  Fig.  5  illustrates  the 
relationship  between  clamp  time  and  wood  density. 
Figs.  6  and  7  indicate  how’  the  cure  times  required 
for  stressed  assemblies  bonded  with  BAKELITE 
BC-17613  vary  with  temperature. 

Specific  recommendations  regarding  minimum 
pressing  cycles  for  other  specific  resin  glues  are 
available  from  resin  glue  suppliers. 


GLUE  ROOM  TEMPERATURE 


278 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Fig.  4. — Shear  strength  t)f  sugar  maple  bonded  with  Bake- 
lite  resin  glue  BC-17613  as  affected  by  clamp  time. 


TIME,  HOURS 

Fig.  5. — Minimum  clamp  time  recommendations  for  low 
and  high  density  woods  bonded  with  Bakelite  resin  glue 
BC-17613. 


Fig.  6. — Minimum  cure  time  for  stressed  assemblies 
bonded  with  Bakelite  resin  glue  BC-17613  at  various 
room  temperatures. 


Fig.  7. — Minimum  cure  time  for  stressed  assemblies 
bonded  with  Bakelite  resin  glue  BC-17613  at  elevated 
temperatures. 


Product  Testing 

In  the  final  analysis,  the  quality  of  a  glue  bond 
can  only  be  measured  by  subjecting  the  glued  assem¬ 
bly  to  prescribed  test  procedures  and  measuring  its 
strength  in  terms  of  the  force  necessary  to  destroy 
it.  Such  tests  not  only  indicate  the  quality  of  the 
bond  but  also  the  effectiveness  of  the  control  over 
the  variables  inherent  in  the  bonding  operation 
when  quality  control  systems  are  employed. 

In  a  sense,  bond  quality  can  be  measured  by 
means  of  the  so-called  knife  test  or  examination  of 
the  panel  trim,  available  at  the  trim  saws.  In  fact, 
for  some  applications,  such  tests  of  bond  quality  are 
entirely  adequate.  However,  for  a  more  precise 
measure  of  bond  strength  and  bond  permanence, 
there  are  a  number  of  more  or  less  standardized  test 
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procedures.  A  very  general  classihcation  of  these 
tests  is  given  below. 

A.  Plywood  shear  tests 

a.  tested  dry 

b.  tested  wet 

1.  cold  soak 

2.  immersion  in  water  held  at  definite  tem- 
eratures  above  room  temperature  up  to 
oiling  (212  deg.  F.) 

3.  cyclic,  involving  alternate  soaking  and 
drying  of  the  test  specimens 

c.  mold  and  fungus  tests 

B.  Delamination  tests — usually  made  on  6-inch 

squares  of  plywood 

a.  dry  tests 

b.  wet  tests 

1.  cold  soak 

2.  cyclic  tests  involving  alternate  soaking 
and  drying  of  the  specimens 

c.  mold  and  fungus  tests 

C.  Exposure  tests 

a.  normal 

b.  accelerated 

D.  Block  shear  tests  and  tests  on  heavy  lami¬ 
nated  members 

All  of  these  tests  are  described  in  detail  in  numer¬ 
ous  government  specifications,  publications  of  the 
Forest  Products  Laboratory,  and  other  formal  pub¬ 
lications.  In  the  event  that  the  necessary  equipment 
is  not  available  to  perform  these  tests,  sample  panels 
may  be  sent  to  outside  testing  laboratories  or  the 
Southern  Plywood  Manufacturers’  Association,  who 
regularly  conduct  bond  quality  tests  on  plywood 
panels  submitted  by  members  and  nonmembers 
alike. 

While  any  number  of  the  available  test  proce¬ 
dures  are  probably  adequate  to  serve  as  a  check  on 
bond  quality  in  a  particular  manufacturing  plant, 
there  is  a  ver\’  definite  need  for  uniform  standards 


of  bond  quality  to  apply  throughout  the  hardwood 
plywood  industry,  just  as  the  Douglas  Fir  Plywood 
Industry  has  adopted  uniform  standards  for  their 
industry.  Despite  the  wide  variation  in  the  types 
and  grades  of  hardwood  panels  produced,  it  should 
be  possible  to  construct  a  suitable  set  of  perform¬ 
ance  standards  which  would  include  all  of  these 
types  and  grades.  It  is  not  believed  that  Commer¬ 
cial  Standard  CS35-49  Hardwood  Plywood — is  the 
answer  to  the  problem  in  that  there  is  a  dispropor¬ 
tionate  gap  between  the  requirements  for  Type  I 
and  Type  II  bond  quality.  Possibly  a  return  to  the 
bond  durability  standards  of  Commercial  Standard 
CS35-47  while  still  retaining  the  better  features  of 
Commercial  Standard  CS35-49  would  provide  a 
suitable  basis  for  such  a  program.  As  it  stands  now, 
however,  there  are  no  uniform  standards  which  have 
been  recognized  or  adopted  by  the  manufacturers 
of  hardwood  plywood  as  a  group  and  the  consumer 
has  little  or  no  basis  upon  which  to  judge  the  per¬ 
formance  characteristics  or  bond  quality  of  the  ply¬ 
wood  he  purchases. 

There  is  very  convincing  evidence,  however, 
based  on  the  activities  of  certain  groups  of  hard¬ 
wood  plywood  manufacturers,  of  a  genuine  desire 
to  improve  the  situation  as  it  exists  today.  As  an 
example,  the  Southern  Plywood  Manufacturers  As¬ 
sociation,  since  its  inception  less  than  four  years 
ago,  has  been  spearheading  a  drive  for  the  adop¬ 
tion  of  uniform  standards  for  plywood  grades  and 
bond  quality  throughout  the  hardwood  plywood  in¬ 
dustry.  To  date  their  program  has  also  involved  the 
sponsorship  of  glue  clinics,  grading  schools  and  the 
maintenance  of  a  testing  laboratory  equipped  to 
conduct  routine  bond  quality  tests  on  finished  ply¬ 
wood  and  make  resin  solids  content  determinations 
on  resin  glues.  It  is  hoped  that  this  and  other 
organizations  will  eventually  be  able  to  foster  the 
general  adoption  of  uniform  standards  for  the 
entire  hardwood  plywood  industry  and  enforce  the 
application  of  these  standards  as  does  the  Douglas 
Fir  Plywood  Association  for  their  industry. 


Machining,  Handling,  Flow  of  Materials  and 
Control  in  Gluing 


George  W.  Stanley,  Jr.,  Chief  Engineer,  Hegewisch  Division, 
Pressed  Steel  Car  Company,  Inc.,  Chicago,  Illinois 


This  paper  deals  with  the  problems  presented  in  machining,  handling,  flow  of  materials  and  control  in  gluing.  Some 
conunon  errors,  both  m  design  and  in  ptaaice,  are  pointed  out,  and  the  importance  of  correct  timing  in  the  sequence 
of  the  operations  is  emphasized.  Indiscriminate  mixin^t  of  species,  lack  of  proper  seasoning  time,  and  shortcuttmg  of 
proper  machining  operations  are  all  things  to  be  avoided.  The  value  of  humidity  control  is  emphasized  in  the  overall 
picture. 


Ft  is,  of  course,  obvious  that  we  must  have  a  good 

adhesive  if  we  are  to  have  a  satisfactory  glue 
bond.  A  prerequisite  that  is  not  as  well  known  and 
certainly  not  as  well  observed  is  proper  machining 
of  the  wood.  The  handling  of  the  material  after 
machining  is  of  vital  importance,  and  the  timing  of 
the  machining  with  respect  to  the  gluing  operation 
is  also  important.  Because  all  of  the  above  facts  are 
true,  the  title  of  this  paper  might  be  rephrased  to 
read,  "Satisfactory  Gluing  Requires  Proper  Machin¬ 
ing,  Handling,  and  Flow  of  Material,  As  Well  As 
Process  Control  in  the  Glue  Department.” 

A  logical  point  at  which  to  begin  the  considera¬ 
tion  of  good  preparation  for  gluing  is  with  the 
machining.  The  importance  of  proper  machining 
cannot  be  overlooked.  If  a  satisfactory  glue  bond, 
or  a  series  of  glue  bonds  is  to  be  accomplished,  we 
must  avoid  building  stresses  into  the  assembly. 
Unbalanced  plywood  is  such  an  example,  and  the 
reasons  for  the  unhappy  results  are  too  well  known 
to  require  any  amplification  here. 

Impiortance  of  Balanced  Construction 

Most  of  us  have  seen  steel  floor  plates  or  sheets 
welded  together  or  a  repair  patch  welded  into  a 
plate  and  have  noticed  the  resultant  buckling.  These 
are  examples  of  built-in  stresses.  It  is  a  well-known 
law  that  in  an  object  at  rest,  every  action  is  opposed 
by  an  equal  and  opposite  reaction.  When  unequal 
stresses  are  set  up  the  glue  line  must  oppose  this 
stress.  If  an  assembly  exerts  a  constant  stress  on  the 
glue  line,  and  if  this  line  is  subjected  to  any  abnor¬ 
mal  conditions,  it  will  in  time  deteriorate  or  fail 
much  sooner  than  a  stress-free  glue  line.  The  ques¬ 
tion  then  arises,  how  are  we  to  avoid  building  in 
these  stresses.  We  can  do  this  in  two  ways;  first,  on 
the  drawing  board  by  not  calling  for  unbalanced 
designs  and,  second,  in  our  machining  and  produc¬ 
tion  control.  Let  us  first  look  at  the  drawing  board 
side  of  this  picture. 

If  we  are  designing  a  panel  with  veneer  faces  we 
would,  of  course,  have  a  panel  of  all-ply  construc¬ 


tion  or  with  one  or  more  additional  inner  plies,  plus 
a  lumber  core.  In  general  usage  the  term  "lami¬ 
nated”  is  meant  to  consist  of  a  series  of  laid-up 
veneers  wherein  all  of  the  grain  directions  are  sub¬ 
stantially  the  same.  In  a  "plywood”  construction, 
the  grain  direction  of  each  pair  of  plies  (moving 
out  from  the  core)  is  in  the  same  direction  and  at 
right  angles  to  that  of  the  adjacent  plies.  There  are 
some  special  stressed-skin  applications  wherein  cer¬ 
tain  plies  are  laid  at  special  angles  in  order  to  resist 
calculated  strains.  This  is  a  special  case  in  which  a 
stress  is  deliberately  locked-in  in  order  to  balance 
out  known  conditions. 

Most  people  are  familiar  with  the  basic  advan¬ 
tages  of  plywood.  However,  it  is  idle  to  design  a 
panel  wherein,  theoretically  half  of  the  wood  grain 
is  run  in  the  longitudinal  axis  and  the  other  half  in 
the  transverse  axis  if  we  are  going  to  use  different 
species  of  wood  in  the  paired  layers  or  even  the 
same  species  but  cut  in  different  manners,  as  for 
example  a  vertical-sliced  ply  with  the  mating  piece 
rotary-cut. 

It  is  well  known  that  each  species  of  wood  has 
different  shrinkage  characteristics  with  changes  in 
moisture  content,  and  to  further  complicate  the  pic¬ 
ture,  these  different  rates  vary  both  in  a  tangential 
and  radial  direction.  It  is  obvious  that  if  we  were 
to  design,  for  example,  a  5-ply  panel  in  which  the 
grain  directions  were  properly  balanced,  50-50,  the 
thicknesses  well-balanced,  but  one  cross  band  was 
maple  and  the  mating  cross  band  was  poplar,  we 
would  be  designing  into  the  panel  a  stress  which 
would  develop  whenever  the  equilibrium  moisture 
was  different  than  at  the  time  of  pressing. 

Let  us  turn  our  attention  from  the  all-plywood 
panel  to  the  so-called  lumber  core  panel  wherein  we 
have  a  core  of  solid  lumber  %  inch  thick  with  two 
cross  bands  1/24  poplar  and  two  faces  of  1/28 
mahogany.  In  theory  it  would  be  desirable  to  have 
mahogany  on  both  face  and  back.  Mahogany  is  more 
expensive  than  poplar,  and  if  the  panel  is  one  that 
did  not  show  on  two  sides,  we  would  use  the 
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cheaper  veneer  even  though  we  knew  it  was  less 
than  ideal.  Many  times,  however,  there  will  be  in¬ 
ferior  mahogany;  veneer  which  could  not  be  used 
for  faces,  and  this  can  well  be  worked  up  into  backs. 

One  other  point  to  consider  in  passing  is  the  fact 
that  if  this  panel  is  to  later  receive  a  high-grade 
finish,  it  will  call  for  considerable  sanding  on  the 
face  and  this  must  be  allowed  for  in  our  design. 

Essentially,  we  can  recapitulate  very  briefly  on  the 
design  side  by  stating  that  we  should  design  for 
balanced  conditions,  keeping  in  mind  that  the  term 
balance  includes  dimension,  grain  direction  and 
species. 

Achieving  Flatness 

In  producing  a  lumber  core  panel,  the  flatness  of 
the  panel  will,  to  a  large  degree,  depend  upon  the 
care  used  in  making  the  core  since  the  large  mass  of 
the  wood  is  in  the  core.  If  we  are  going  to  make  a 
core,  say  3  feet  wide,  and  we  make  this  up  out  of 
3  planks  each  12  inches  wide,  the  result  will  be 
unhappy,  even  if  all  3  planks  are  dried  to  the  same 
moisture  condition,  properly  machined  and  properly 
glued.  The  more  closely  we  desire  a  stress-free 
panel,  the  narrower  we  must  cut  our  pieces  of 
lumber  for  the  core,  and  then  having  cut  them,  we 
must  obser\'e  the  precaution  of  reversing  every  other 
piece  that  comes  from  the  same  plank.  This  then 
might  be  considered  the  first  precautionary  point  in 
our  machining  and  material  flow. 

By  ripping  to  narrower  widths,  and  in  some  types 
of  unsupported  panel  it  is  customary  to  rip  to 
widths  as  narrow  as  11/2  ifR^h,  and  then  reversing 
the  grain  direction  either  by  turning  the  piece  end 
for  end  or  by  turning  it  over  prior  to  gluing,  each 
individual  piece  w'ill  tend  to  be  balanced  by  the  two 
adjoining  pieces.  This  practice  should  be  followed, 
particularly  where  the  panel  is  so-called  face  stock 
rather  than  core  stock.  This  is  so  because  in  the  case 
of  face  panel  there  are  no  restraining  veneers. 

In  its  broadest  concept,  the  object  of  machining 
is  to  so  prepare  the  surface  that  it  requires  no  pres¬ 
sure  to  hold  the  machined  edges  in  intimate  contact 
during  the  gluing  operation.  This,  of  course,  is 
easier  said  than  done.  When  a  shop  man  tells  you 
that  he  has  to  use  a  pressure  of  350  to  400  pounds 
per  square  inch  to  glue  satisfactorily,  he  is  in  effect 
confessing  that  his  machining  is  bad  or  his  produc¬ 
tion  flow  timing  is  off,  as  will  be  mentioned  later, 
or  the  designing  is  unbalanced.  However,  for  the 
present  we  will  assume  the  design  is  proper  and 
this  would  mean  that  the  machining  or  production 
flow  timing  was  off. 

Consider  the  basic  machining  errors.  Lumber  as 
it  comes  from  the  dry  kiln,  even  though  properly 
dried,  is  seldom,  if  ever,  flat  in  the  true  sense  of  the 
word.  If  we  stock  saw  this  to  certain  lengths  and 
then  send  the  lumber  through  chain-feed  rip  saws 
and  then  glue  up  into  panels,  we  will  get  a  good 
job  with  a  stress-free  panel  about  as  often  as  we  hit 
a  winner  at  the  race  track. 


When  a  piece  of  wood  passes  through  a  chain- 
feed  rip  saw,  it  is  not  flattened  down  to  real  flat¬ 
ness.  The  pressure  on  the  chains  of  the  chain-feed 
saw  should  be  only  sufficient  to  give  traction. 
Attempting  to  flatten  stock  at  this  machine  will  tend 
to  wear  out  all  the  bearings  on  the  saw  without 
accomplishing  the  desired  results  inasmuch  as  there 
will  still  be  spring-back  in  the  wood  due  to  resili¬ 
ency  in  the  pads.  The  end  result  is  that  the  two 
ripping  edges  of  any  given  piece  of  lumber  can 
never  be  guaranteed  to  be  parallel  to  each  other  and 
perpendicular  to  the  faces.  This,  therefore,  means 
that  if  we  are  assembling  a  core  of  half  a  dozen  or 
more  of  these  pieces  we  would  get,  if  we  concede 
for  the  moment  through  happenstance  that  the 
edges  were  parallel  to  each  other,  a  panel  that 
would  look,  exaggerated  of  course,  like  Fig.  1. 


Fig.  1. — End  elevation. 


Then  if  we  are  to  hold  out  to  a  certain  specified 
thickness,  this  would  mean  that  we  would  have  to 
start  out  with  heavier  lumber  or  it  would  not  clean 
out  in  the  planing  operation.  What  actually  hap¬ 
pens,  however,  in  attempting  to  glue  up  pieces  like 
this  is  that  they  tend  to  buckle  in  the  clamp  carrier 
or  bonding  machine  whether  it  be  high  frequency 
or  steam  platen  type.  (See  Fig.  2.)  In  order  to  over- 


Ahet  SH*  Ftettmre  is  Ap^hA 

Fig.  2. — Side  pressure  action. 


come  that  trouble,  we  design  the  machine  to  apply 
a  certain  amount  of  down  pressure  or  the  clamp 
carrier  operator  goes  to  work  with  a  mallet.  In 
either  case  the  addition  of  this  down  pressure  tends 
to  prevent  intimate  contact  rather  than  attain  it. 
(See  Fig.  3.)  The  operator,  therefore,  tends  to  in¬ 
crease  the  side  pressure  to  restore  this  contact  in 
spite  of  the  down  pressure.  The  writer  has  been  in¬ 
formed  of  a  press  wherein  they  used  as  much  as 
700  pounds  per  square  inch  side  pressure  attempt¬ 
ing  to  glue  edge  joints,  and  even  at  this  pressure 
they  were  not  successful  most  of  the  time.  In  this 
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particular  plant  they  mistakenly  discarded  a  press 
rather  than  correct  the  evil  which  was  the  machin¬ 
ing  sequence  discussed  above.  Usually  about  this 
time  the  glue  salesman  is  called  in  and  told  that  his 
glue  is  no  good. 

The  only  way  I  know  that  you  can  guarantee  flat, 
parallel  edges  on  wood  production  lines  is  to  face 
and  rough  plane  the  lumber  (either  before  or  after 
stock  sawing),  rough  planing  both  sides  if  thick¬ 
ness  of  wood  will  permit  this.  Incidently,  this  will 
have  an  added  advantage  in  that  it  will  often  times 
expose  defects  which  otherwise  would  not  be  visible 
at  that  point.  Now,  having  parallel  flat  faces  to  be 
in  contact  with  the  bed  of  the  chain  feed  saw,  we 
will,  if  the  saw  is  in  proper  operating  condition, 
obtain  edges  which  are  perpendicular  to  the  face 
and  parallel  to  each  other.  It  should  be  obvious  that 
the  reason  I  propose  planing  on  both  sides  is  that 
in  later  gluing  up  of  the  cores  we  will  be  turning 
over  every  other  piece,  and  if  these  faces  were  not 
roughly  parallel  to  each  other,  we  would  again  be 
looking  for  trouble  in  the  glue  assembly  operation. 
At  this  point  we  emphasize  that  the  saw  blade 
should  be  in  proper  condition.  Our  better  manufac¬ 
turers  of  chain  feed  saws  have  powered  them  liber¬ 
ally.  In  other  words,  they  will  cut  four-quarter  stock- 
even  though  the  saw  should  have  been  sharpened 
thousands  of  cuts  before.  A  cut  with  a  dull  saw  is 
the  answer  to  many  glue  failures.  Other  speakers 
have  discussed  the  reasons  for  this  during  the 
course  of  their  papers.  I  would  certainly  reiterate 
that  a  properly  sharpened  blade  in  a  properly  ad¬ 
justed  chain  feed  saw  is  an  absolute  essential  for 
good  gluing  operation. 

Importance  of  Timing 

The  problems  of  timing  in  connection  with  glu¬ 
ing  practices  are  so  intimately  connected  with  ma¬ 
chining  operations  that  no  attempt  will  be  made 
here  to  segregate  them  into  separate  and  distinct 
headings.  Having  attained  clean,  sharp,  parallel, 
straight  edges  on  our  lumber,  we  should  now  plan 
to  proceed  as  rapidly  as  possible  to  the  gluing  oper¬ 
ation.  If  these  pieces  of  wood  are  allowed  to  lie 
around,  even  overnight,  we  are  straying  away  from 
best  practice.  The  reason  for  this  should  not  be  hard 
to  see. 

Upon  fluctuation  in  relative  humidity  of  the  mill 
and  glue  room  atmosphere,  wood  stored  therein  will 
change  in  equilibrium  moisture  content.  Since  wood 
does  not  swell  and  shrink  the  same  amount  in  radial 


as  in  the  tangential  direction,  straight,  parallel  glu¬ 
ing  surfaces  may  not  be  maintained  if  the  wood 
must  pass  through  areas  of  uncontrolled  relative 
humidity.  This  condition  is  still  further  aggravated 
in  the  case  of  gummy  wood  wherein  the  oils  will 
have  a  chance  to  exude. 

Other  papers  have  discussed  the  important  factor 
of  "wetting”.  I  will  not,  therefore,  elaborate  on 
this  now  beyond  reiterating  the  fact  that  a  better 
wetting  action  is  obtained  on  fresh  cuts  than  on  old 
ones.  Thus  we  see  there  are  varied  reasons  for  our 
plant  layout,  our  routing  on  job  cards  and  our  mate¬ 
rial  flow  systems  to  the  end  that  gluing  is  done  as 
soon  after  machining  as  possible. 

Much  other  material  has  been  written  on  the 
relative  merits  of  cutter-type  surfaces  as  opposed  to 
sawn-type  surfaces  insofar  as  their  effect  on  good 
gluing  is  concerned,  and  I  have  no  wish  to  enter 
that  controversy  at  the  moment  beyond  stating  that 
in  both  cases  the  sooner  we  glue  the  better. 

Still  talking  in  terms  of  panels,  both  face  type 
and  core  type,  we  must  now  concern  ourselves  with 
another  very  important  element  of  time.  That  is  the 
time  required  for  the  dissipation  of  moisture  which 
has  been  added  in  the  glue  line,  or  which  has  been 
displaced  in  position  by  addition  of  heat  used  in 
curing  the  glue  or  by  exothermic  action  of  some 
glues.  I  am  thinking  now  in  terms  of  synthetic, 
resin-type  glues,  particularly,  although  the  remarks 
will  hold  generally  true  with  any  glue.  In  the  case 
where  water  is  actually  used  as  a  vehicle  for  the 
glue,  or  even  where  it  is  part  vehicle  and  part  of 
the  reaction,  a  certain  amount  of  free  water  will 
cause  a  swelling  of  the  wood  adjacent  to  the  glue 
line.  If  we  now  attempt  to  plane  this  panel  before 
this  water  has  had  a  chance  to  equalize  or  pass  to 
the  surrounding  atmosphere,  we  will  have  sunken 
joints.  This  condition  is  certainly  well  known.  The 
only  reason  it  arises  at  all  is  that  some  Production 
Control  Department  fails  in  its  scheduling  or  that 
the  mill  room  foreman  slips  up  and  cheats  on  time. 
Another  fine  point  to  consider  is  that  many  glues 
do  not  obtain  their  full  strength  immediately  and, 
lished  as  to  permit  this  curing  time  to  elapse.  In 
therefore,  our  production  control  must  be  so  estab- 
one  plant  that  used  both  high-frequency  electronic 
edge  bonding  and  clamp  carrier  landing,  a  local 
humidity  control  dry  room  was  located  in  that  de¬ 
partment  and  it  was  an  inviolable  rule  that  all  panels 
had  to  go  into  this  room  for  a  period  of  not  less 
than  24  hours.  It  was  one  of  the  functions  of  the 
Quality  Control  Department,  of  course,  to  enforce 
the  rule.  This  was  done  on  the  assumption  that 
although  the  high-frequency  bonding  would  not  re¬ 
quire  this  seasoning  period,  the  clamp  bonding 
would,  and  the  inevitable  result  would  be  that  on 
occasion  the  high-frequency-cured  panel  would  go 
into  the  conditioning  room  while  the  clamp  carrier 
panels  went  on  to  a  planer.  Some  types  of  panels 
should  be  submitted  to  a  30-day  seasoning  cycle.  An 
example  is  that  for  a  piano  action.  These  parts  are 
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made  from  a  panel  which  is  ripped  into  small  com¬ 
ponents  which  in  turn  must  maintain  their  shape. 

So  far  we  have  been  discussing  machine  and  glue 
problems,  particularly  with  respect  to  panels.  Let  us 
now  turn  our  attention  to  solid  parts  or  sub-assembly 
components.  Take  a  common  case,  for  example,  a 
mortise  and  tenon.  It  is  possible  to  use  form  cutters 
on  a  moulder,  and  set  our  tenon  heads,  preferably 
on  a  double  end  tenoner,  and  have  the  set-up  man 
see  that  it  matches  the  mortise  perfectly,  yet  when 
it  reaches  the  glue  room  find  that  it  won’t  go  in  at 
all  or  that  the  fit  will  be  sloppy.  Here  the  usual 
result  is  that  the  glue  room  foreman  will  pick  up  the 
phone  and  tell  the  mill  room  supervisor  to  get  a 
new  rule.  Actually  what  has  happened  is  that  the 
delay  between  machining  and  gluing  has  given  the 
woods  an  opportunity  to  come  and  go  as  they  follow 
equilibrium  moisture  content  of  their  surroundings. 
Where  the  two  mating  pieces  were  stored  in  the 
interim,  the  usual  result  is  trouble. 

It  is  a  well-known  fact  that  a  round  hole  drilled 
in  a  piece  of  wood  does  not  stay  round,  as  the  wood 
swells  or  shrinks.  One  more  place  where  time  is  of 
the  essence  is  the  drilling  of  holes  for  gluing.  It  is 
admitted  that  often  a  close  cycle  is  not  always  feas¬ 
ible;  I  have  in  mind  a  particular  component  wherein 
a  sugar-pine  plate  was  made  up  approximately  21 
inches  long  and  45  inches  wide,  and  in  which  all 
proper  procedures  were  religiously  followed.  After 
'  gluing  it  was  allowed  to  air  dry  30  days,  after  w'hich 
it  was  finish  planed  and  a  piece  about  6  inches  long 
and  45  inches  wdde  was  cut  off.  This  cut-off  piece 
was  then  sent  through  the  moulders  which  beveled 
and  tenoned  one  face.  The  main  part  of  the  plate 
was  then  sent  over  a  cutter  to  make  a  mortise  so 
that  this  so-called  tail  piece  could  be  reglued  at  an 
angle.  Before  this  could  be  done  some  nineteen 
complex  operations  had  to  be  performed  on  the 
front  part  reciuiring  some  12  working  days  delay. 
Great  care  haa  to  be  used  to  see  that  these  two  com¬ 
ponent  parts  always  remained  in  the  same  area  to 
avoid  defects  when  they  were  glued  together. 

Importance  of  Careful  Handling 

We  must  not  overlook  one  very  important  facet 
of  production  and  that  is  material  handling.  Proper 
material  handling  is  important  to  avoid  damage  not 
only  to  the  future  glue  line  surfaces  but  to  all  parts 
of  the  components.  It  is  an  expensive  item  in  all 
plants.  There  are  certain  material  handling  precau¬ 
tions  that  must  be  observed  insofar  as  good  gluing 
results  are  concerned.  In  the  first  place,  care  must 
be  taken  to  see  that  no  damage  occurs  on  the  faces 
which  are  later  to  receive  the  glue.  In  the  second 
place,  the  parts  must  not  be  piled  on  trucks  in  such 
a  way  as  to  cause  warping  conditions.  Panels,  for 
example,  should  not  be  piled  on  a  truck  so  that 
there  are  wide  overhanging  areas.  Curved  panels 
must  be  carefully  piled  so  that  the  weight  of  the 
panels  above  does  not  tend  to  flatten  out  the  curve. 
This  is  of  particular  importance  where  the  later 


machine  operations  have  to  be  done  on  the  edges  of 
these  curved  sections.  Material  handlers  should  not 
be  allow'ed  to  leave  loads  in  drafty  areas  or  by  open 
windows.  These  are  elementary  precautions,  but 
they  are  frequently  violated. 

This  touches  on  another  point  in  the  production 
control  order  for  line-up  and  that  is  that  panels 
coming  out  of  hot  plate  presses  or  high-frequency 
presses  must  be  allowed  to  equalize  properly  and 
reach  room  temperature  before  proceeding  to  sub¬ 
sequent  operations  if  we  are  to  avoid  the  danger  of 
building  in  stresses,  for  it  is  a  fact  that  we  can 
build  in  a  stress  during  the  course  of  the  operation 
as  well  as  in  the  beginning. 

In  dealing  with  curved  surfaces,  everything  that 
has  been  said  about  flat  panels  applies  and  even  to 
a  greater  extent  in  some  cases.  It  may  be  desirable 
at  times  to  pre-form  before  gluing  or  even  before 
initial  machining  in  some  isolated  cases.  In  auto¬ 
clave  gluing  it  is  generally  necessary  to  make  allow¬ 
ances  for  the  condition,  rather  loosely  termed  spring 
back.  In  dielectric  heating  presses,  generally  no  pre¬ 
caution  need  be  required  for  this  particular  condi¬ 
tion,  the  reason  being  that  the  heat  is  generated 
rather  uniformly  throughout  the  package.  In  the 
autoclave  type  of  heating  we  have  a  condition  of 
progressive  glue  line  curing,  and  the  variation  of 
actual  condition  in  the  wood  cells  during  curing 
gives  a  tendency  for  the  curve  to  spring  back  or 
spring  forward  depending  on  whether  the  design  is 
a  male  or  a  female  die.  In  either  case,  for  optimum 
results,  stick  pile  the  heated  panels  after  they  come 
out  of  the  press.  In  the  case  of  flat  panels  coming 
out  of  a  hot  press  we  have  the  choice  of  stick  piling 
or  pack  piling.  However,  with  curved  surfaces  they 
are  of  such  a  nature  that  pack  piling  is  not  possible 
because  of  changes  in  radii. 

Other  speakers  have  or  will  during  the  course  of 
this  panel  cover  process  control  in  the  glue  depart¬ 
ment  itself,  and  for  that  reason  this  paper  will  not 
discuss  that  aspect  of  the  problem  at  all  beyond 
making  the  suggestion  that  you  tread  carefully  be¬ 
fore  you  willfully  violate  any  recommendations  made 
by  the  manufacturer  of  the  particular  resin  you  are 
using.  Resin  adhesives  are  like  fine  machinery  in 
the  sense  that  they  deserve  and  require  care  in  their 
use. 

It  is  desirable,  in  this  connection,  to  keep  the 
parts  as  dust  free  as  possible,  because  experience  has 
shown  that  although  so-called  wood  flour  is  often 
used  as  a  glue  extender,  layers  of  dust  on  the  glue 
line  itself  are  frequently  harmful  in  nature. 

The  Humidity  Control  Question 

And  now  I  touch  on  a  subject  not  always  pleasant 
because  it  will  cost  money,  but  which,  in  the  writer’s 
opinion,  will  continue  to  pay  dividends  ever  after¬ 
wards,  and  that  is  the  subject  of  humidity  control 
or  so-called  air  conditioning.  Overall  air  condition¬ 
ing  is  expensive,  so  much  so  that  I  would  find  it 
difficult  to  justify  recommending  it.  The  expensive 
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feature  in  normal  air  conditioning  is  the  de-humidi- 
fying.  Fortunately,  for  our  industry  it  is  a  fact  that 
in  most  parts  of  the  United  States  during  the  greater 
part  of  the  year,  the  humidity  and  therefore  the 
equilibrium  moisture  content,  is  below  rather  than 
above  the  norm  for  interior  wood  w'orking.  To  put 
this  in  other  words  would  be  to  state  that  at  least 
in  the  northern  parts  of  the  country  seven  to  eight 
months  of  the  year  we  should  be  adding  humidity 
to  the  air  in  our  working  areas.  This  is  an  inexpen¬ 
sive  procedure,  and  I  do  stress  it.  As  a  matter  of 
fact,  the  Army  Air  Forces  did  require  installation  of 
such  equipment  by  all  sub-contractors  supplying 
components  for  its  service  during  World  War  II. 

There  are  a  number  of  sources  of  supply  for  this 
equipment,  but  the  broad  basic  principal  is  the  same, 
namely,  the  controlled  addition  of  the  moisture  into 
the  air.  One  type  of  system,  for  example,  mixed 
roughly  one  part  of  steam  to  six  parts  cold  water, 
using  the  steam  itself  as  a  propellent,  and  ejected 
the  mixture  through  a  series  of  fine  nozzles  in  the 
form  of  a  mist. 

In  planning  such  a  system,  it  is  very  important 
that  you  do  not  overlook  the  number  of  cubic  feet 
of  air  per  minute  being  exhausted  from  the  area  by 
your  dust  collecting  systems.  A  single  100-inch  fan. 


for  example,  might  easily  exhaust  25,000  cubic  feet 
of  air  per  minute.  In  the  case  of  a  humidity  con¬ 
trolled  area,  this  air,  of  course,  would  be  replaced 
by  unconditioned  air  and,  therefore,  your  humidity 
system  must  be  able  to  take  care  of  this  requirement 
in  addition  to  the  air  at  rest. 

Recapitulation 

We  can  recapitulate  the  foregoing  thoughts  briefly 
in  the  following:  (1)  Avoid  designing  structures 
that  will  cause  trouble  due  to  inherent  presses  in 
the  structure  itself.  (2)  Don’t  mix  species  of  wood 
indiscriminately.  (3)  Do  all  of  the  machining  that 
is  required  in  order  to  prepare  a  satisfactory  glue 
surface.  (4)  Handle  the  parts  carefully.  (5)  Plan 
the  operation  with  respect  to  time  in  such  a  manner 
that  a  minimum  of  time  elapses  between  machining 
for  gluing  and  the  gluing  itself.  (6)  Allow  proper 
time  for  the  gluing  operation.  (7)  Allow  proper 
seasoning  or  conditioning  time  after  the  glue  assem¬ 
bly  before  the  next  machining  operation.  (8)  Avoid 
storing  the  parts  or  allowing  them  to  stand  around 
in  drafty  places  or  subject  to  sudden  temperature 
fluctuations.  (9)  If  at  all  feasible,  have  humidity 
equipment  available  in  all  operations  prior  to  gluing 
and  at  least  the  next  several  operations  after  gluing. 
(10)  Avoid  dusty  conditions  in  glue  areas. 


Discussion 

Mr.  X.'  You  mention  several  different  pressures 
for  gluing.  What,  in  your  opinion,  is  the  correct 
pressure  to  use.^ 

Mr.  Stavley:  I  do  not  believe  there  is  any  exact 
specific  pressure  that  is  best  for  gluing.  Most 
authorities  agree  that  the  best  pressure  is  just 
enough  to  bring  the  parts  into  intimate  contact.  The 
poorer  the  machining  or  design,  the  more  the  pres¬ 
sure  required.  Too  much  pressure  is  as  bad  as  too 
little  pressure.  If  you  must  have  a  range  of  pressure 
for  resin  adhesives,  I  would  give  you  a  range  of  75 
to  200  pounds  per  square  inch  depending  on  the 
species  and  make-up  of  the  assembly.  I  would  again 
emphasize  that  this  is  only  a  generalized  answer. 

Mr.  X:  You  stressed  the  importance  of  parallel 
edges  perpendicular  to  faces.  Would  this  apply  to 
both  hardwoods  and  softwoods? 

Mr.  Stanley:  Yes,  this  would  apply  to  both  hard¬ 
woods  and  softwoods.  Because  of  the  spring-back 
which  occurs  in  hardwoods  when  passed  through 
the  sticker,  for  example,  I  would  say  that  the  con¬ 
dition  is  even  more  important  in  hardwoods  than 
in  softwoods. 

Mr.  X:  You  touched  on  conditions  of  machines. 
Would  you  amplify  this? 

Mr.  Stanley:  No  machining  job  is  any  better  than 
the  condition  of  the  machine  that  produced  it.  If 
we  are  to  produce  500  pieces  all  to  fit  a  certain 
mating  part,  it  is  obvious  that  all  500  must  be  alike 
dimensionally.  If  there  is  play,  for  example  in  a 


machine  shaft,  it  is  apparent  that  this  condition 
will  not  be  met.  Broadly  speaking,  I  believe  poor 
condition  of  machines  has  much  to  do  with  various 
gluing  problems — the  faults  of  which  are  errone¬ 
ously  placed  elsewhere. 

Mr.  X:  You  stated  that  with  dielectric  heating  of 
curved  shapes  you  did  not  have  to  allow  for  spring- 
back,  but  in  autoclave  heating  you  would.  Why? 

Mr.  Stanley:  The  apparent  reason  for  this  seem¬ 
ing  paradox  is  the  fact  that  in  autoclave  heating  the 
heat  is  applied  from  one  side  only  and  has  to  slowly 
penetrate  layer  by  layer  through  the  complete  assem¬ 
bly.  Thus  the  outer  plies  are  cured  and  set  while 
the  inner  plies  are  still  fluid.  When  the  cycle  is  over 
and  the  curved  shape  is  removed  from  the  die, 
nature  and  its  equalizing  process  takes  over. 

Mr.  X:  You  mentioned  resin  glue  in  one  point 
in  your  paper.  Are  we  to  assume  your  paper  is 
predicated  on  resin  glue  only? 

Mr.  Stanley:  No,  I  did  not  mean  to  imply  that 
this  paper  is  predicated  on  the  use  of  resin  glue 
only.  The  general  precautions  outlined  would  apply 
to  almost  any  adhesive.  However,  it  is  well  to  add 
that  resin  adhesives  apparently  are  coming  more 
and  more  to  the  forefront,  and  there  is  one  further 
very  important  point;  with  most  glues  other  than 
resin  you  can  get  a  poor  bond,  a  fair  bond  or  a 
good  bond,  according  to  the  amount  of  precaution 
and  care  used  in  the  manufacturing  process.  In  the 
case  of  resin  glue  for  all  practical  purposes,  you  get 
either  a  good  bond  or  no  bond. 
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Many  of  the  physical  factors  affectine  electronic  wood  ftluing  have  been  evaluated  in  recent  years.  However,  the  elec¬ 
trical  behavior  of  the  wood,  the  glue  and  the  wood-glue  combination  has  not  been  adequately  established.  The  important 
basic  electrical  relationships  are  discussed,  and  the  results  of  exploratory  studies  of  these  characteristics  are  given. 


Introduction 

GREAT  deal  has  been  written  in  recent  years 
concerning  electronic  or  radio  frequency  wood 
gluing.  The  basic  theory  underlying  electronic  heat¬ 
ing  has  been  developed  from  the  early  observation 
by  Siemens  in  1864  (when  he  noted  the  heating  of  a 
Leyden  jar  being  electrically  charged  and  dis¬ 
charged)  to  the  rather  complex  relationships  en¬ 
countered  in  current  literature  on  the  dielectric  be¬ 
havior  of  materials.  Similarly,  the  practical  aspects 
of  electronic  gluing  including  such  factors  as  gen¬ 
erator  and  electrode  design,  types  of  presses,  and 
proper  conditioning  and  machining  of  the  stock 
prior  to  gluing  have  been  examined  in  considerable 
detail.  However,  there  are  many  problems  still  un¬ 
solved,  especially  those  concerned  with  the  electrical 
behavior  of  the  wood,  glue  and  wood-glue  com¬ 
binations  during  the  curing  process. 

A  general  study  of  the  theoretical  and  practical 
relationships  involved  in  electronic  wood  gluing 
has  been  undertaken  at  the  College  of  Forestry  of 
the  State  University  of  New  York.  Projects  along 
somewhat  similar  lines  are  also  in  progress  at  the 
Canadian  Forest  Products  Laboratory  and  the  British 
Forest  Products  Research  Laboratory.  Investigations 
of  specific  electronic  gluing  problems  have  been 
made  by  the  U.  S.  Forest  Products  Laboratory  and 
by  other  governmental  and  private  agencies.  Refer¬ 
ences  will  be  made  to  the  data  obtained  from  several 
of  these  sources  in  the  following  discussion  of  the 
dielectrical  behavior  of  wood,  glue  and  wood-glue 
combinations. 

The  Wood 

Wood  in  its  dr}'  state  is  a  relatively  poor  con¬ 
ductor  of  electricity,  and  as  such  exhibits  the  elec¬ 
trical  properties  usually  attributed  to  an  insulating 
or  dielectric  material.  The  electrical  factors  affect¬ 
ing  the  dielectric  losses  or  heating  of  all  insulating 
materials,  including  wood,  are: 

1,  The  dielectric  constant  (e')  which  is  a  meas¬ 
ure  pf  the  polarization  which  occurs  in  an  insulat¬ 
ing  material  when  it  is  placed  in  an  electric  field. 

2.  The  power  factor  (P.f.)  which  is  a  measure 
of  the  power  dissipated  in  watts  in  a  dielectric 
material  compared  to  the  total  power  available  in 
voltamperes.  Since  in  alternating  current  circuits  the 
voltage  and  current  are  rarely  in  phase,  i.e.,  attain 
maximum  or  minimum  amplitudes  at  the  same  time, 
the  power  factor  may  be  taken  as  the  cosine  of  the 
phase  angle  (0)  occurring  between  the  voltage  and 
current  and  is  usually  written  cos  0. 


3.  The  loss  factor  (e")  which  is  a  measure  of  the 
energy  dissipated  as  heat  in  a  dielectric  material, 
and  is  equal  to  the  product  of  the  dielectric  con¬ 
stant  (e')  multiplied  by  the  power  factor  (cos  6). 

4.  The  resistivity  (r)  or  its  reciprocal  conductiv¬ 
ity  (c)  which  are  measures  of  the  ability  of  a  mate¬ 
rial  to  conduct  electric  current.  Both  resistivity  and 
conductivity  are  generally  evaluated  in  terms  of  a 
cube  of  a  dielectric  material  measuring  one  centi¬ 
meter  in  length,  width  and  thickness.  In  order  to 
facilitate  computations,  however,  some  of  the  re¬ 
sults  of  this  study  will  be  given  in  terms  of  an  inch 
cube  so  that  the  unit  for  resistivity  will  then  be 
ohm-inches  and  that  for  conductivity  mhos  per  inch. 

These  electrical  properties  have  been  evaluated 
for  some  of  the  commercial  species  of  wood  by  von 
Hippel  and  Dietz  (6),  Miller  and  Peterson  (2), 
and  C.  Skaar  (3)  of  the  New  York  State  Gsllege 
of  Forestry.  The  variations  in  the  dielectric  con¬ 
stant  with  wood  density  and  moisture  content,  and 
the  effects  of  frequency  and  moisture  content  on  the 
rrower  factor  of  wood  observed  by  Skaar  are  given 
in  Figures  1,  2,  and  3. 

Both  the  wood  and  the  glue  may  be  represented 
by  either  equivalent  parallel  or  series  electrical  cir¬ 
cuits,  and  these  are  given  in  their  simplest  forms  in 
Figure  4.  Since  our  study  to  date  has  been  con¬ 
cerned  with  only  parallel  or  selective  gluing  appli¬ 
cations,  the  concepts  of  resistivity  and  conductivity 
dealt  with  in  this  paper  are  in  terms  of  their  equiva¬ 
lent  parallel  values. 

The  capacitance  of  a  wood  load  (C^  in  Figure  4) 
neglecting  edge-effects  is 

A  •  U 

Q  =  0.224  X  10-^"— T — farads  _ 1 

d 

where  A  is  the  area  of  the  wood  in  square  inches, 
e'  is  the  dielectric  constant  of  the  wood,  and  d  is 
the  thickness  of  the  wood  in  inches. 

The  equivalent  parallel  wood  resistance  R„.  may 
be  approximated  by  employing  conventional  elec¬ 
trical  engineering  theory  (3)  as 

„  Xc’w  , 

R,^.  =  p  ^  ohms _ 2 

where  Xe  is  the  capacitive  reactance  in  ohms  of  the 

wood  and  P.f.  is  its  power  factor. 

The  capacitive  reactance  X^  of  the  wood  is,  in 

turn,  by  definition 
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where  f  is  the  frequency  in  cycles  per  second  and 
Cw  is  the  capacity  in  farads. 


MOlVTUftC  CONTtNT 


Fig.  1. — Variations  in  the  dielectric  constant  with  mois¬ 
ture  content  at  2  megacycles  for  various  wood  densities 
observed  by  Skaar  (3). 


MOItTUAl  COMTtMT 


Fig.  2. — Variations  in  the  dielectric  constant  with  mois¬ 
ture  content  at  15  megacycles  for  various  wood  densities 
observed  by  Skaar  (3). 


The  equivalent  parallel  resistivity  of  the  wood 
may  be  used  to  calculate  its  equivalent  resistance  as 
follows: 


Rw  =  r  •  -Y-ohms 
A 


.4 


where  R,.  is  the  parallel  resistance  in  ohms  when  r 
is  the  equivalent  parallel  resistivity  in  ohm-inches  of 
the  wood,  d  is  the  thickness  of  the  wood  (length  of 
path  for  the  electric  current)  in  inches  and  A  is  the 
area  of  the  wood  in  square  inches. 

The  heat  generated  within  the  wood  when  it  is 
placed  in  an  electric  field  is  from  Ohm’s  Law 

P,=:^  watts - ■ - 5 


PEB.CENT  MOlSTUftC 


Fig.  3. — Variations  in  the  average  power  factor  of  wood 
with  moisture  content  observed  by  Skaar  (3). 


EQUIVALENT  PARALLEL  CIRCUIT 


EQUIVALENT  SERIES  CIRCUIT 


I 


Fig.  4. — The  equivalent  electrical  circuits  of  a  wood-glue 
load  (A)  in  parallel,  and  (B)  in  series,  where: 

E  =  R.F.  voltage  across  Rw  =  Resistance  of  the 
the  wood-glue  load.  wood. 

I  =  R.F.  current  through  Rg  =  Resistance  of  the 
the  wood-glue  load.  glue. 

Cw  =  Capacitance  of  the  Cg  =  Capacitance  of  the 
wood.  glue. 


where  P„  is  the  heat  generated  or  power  dissipated 
in  the  wood  in  watts  when  E  is  the  effective  voltage 
of  the  electric  field  and  R„.  is  the  equivalent  parallel 
resistance  of  the  wood  in  ohms. 

By  suitable  substitutions  Equation  5  can  be  trans¬ 
formed  to  read 

P,.  =  1.41  E^fe"  watts  per  cubic  inch _ 6 


where  P^  is  the  heat  is  watts  per  cubic  inch  of  wood 
when  E  is  the  voltage  gradient  in  kilovolts  per  inch, 
f  is  the  frequency  in  megacycles  and  e"  is  the  loss 
factor  of  the  wood. 

Since  the  apparent  electrical  resistance  encoun¬ 
tered  in  dielectric  materials  provides  a  simple  means 
of  calculating  the  power  dissipation  which  may 
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I  I 

occur,  one  phase  of  our  study  has  been  devoted  to 
an  examination  of  the  equivalent  parallel  resistances 
of  the  wood  and  the  glue.  Using  a  Boonton  Q- 
Meter^,  type  160-A  and  a  small  edge-gluing  press, 
Fig.  5,  measurements  were  made  on  basswood,  Tilia 
iimericana,  L.  The  parallel  resistance  of  4"  x  4" 
X  1"  panels  was  obtained  at  5,  10  and  15  percent 
moisture  content,  at  5,  10  and  15  megacycles,  and 
at  50  psi  and  150  psi  edge  pressure.  Following  the 
Q-Meter  instructions,  the  electrodes  of  the  press 
were  made  part  of  the  Q-Meter  circuit  so  that  any 
extraneous  capacitive,  inductive  or  resistive  effects 
due  to  leads  and  press  components  were  eliminated 
from  the  calculations.  The  average  of  ten  measure¬ 
ments  obtained  under  each  of  the  several  measuring 
conditions  were  used  in  plotting  the  curves  shown 
in  Fig.  6.  These  were  also  used  in  the  statistical 
determination  of  the  regression  equations  relating 
the  yarious  variables.  The  following  equations  in¬ 
dicate  as  a  first  approximation  the  dependence  of  the 
resistivity  of  basswood  on  moisture  content  in  the 
range  5  to  15  percent. 

At  a  radio  frequency  of  5  megacycles: 

Log  r  =  6.50968  —  0.04659  MC _ 7 

At  a  radio  frequency  of  10  megacycles; 

Log  r  =  7.03872  —  1.31180  log  MC _ 8 

At  a  radio  frequency  of  15  megacycles: 

Log  r  ==  6.47292  —  1.01452  log  MC _ 9 

where  log  r  is  the  common  logarithm  of  the  resistiv¬ 
ity,  r  is  the  resistivity  of  wood  in  ohm-inches  and 
MC  is  the  moisture  content  in  percent. 

Equation  7  reveals  that  at  a  radio  frequency  of 
5  megacycles  the  logarithm  of  resistivity  is  an  in¬ 
verse  linear  function  of  the  moisture  content.  Stamm 
(4)  and  others  have  found  a  similar  relationship  to 
exist  when  the  resistance  of  wood  is  measured  with 
direct  current.  Equations  8  and  9  indicate  that  at 
the  higher  radio  frequencies,  the  logarithm  of  the 


Fig.  5. — The  Boonton  Q-Meter,  type  160-A  and  the 
small  edge-gluing  press. 


'  The  quantity  Q  is  known  as  the  quality  factor  or  "fig¬ 
ure  of  merit”  of  a  resonant  electrical  circuit.  By  definition, 
the  Q  of  a  circuit  containing  resistance  and  capacitance  in 
parallel  is  Q  =  Rp/Xcp  where  Rp  is  the  equivalent  parallel 
resistance  in  ohms  and  Xcp  is  the  parallel  reactance  in 
ohms  of  the  capacitance  Cp. 


resistivity  varies  inversely  as  a  linear  function  of  the 
logarithm  of  moisture  content.  Similar  variations  of 
conductivity  versus  moisture  content  were  encoun¬ 
tered  by  von  Hippel  and  Dietz  (6)  for  measure¬ 
ments  made  at  very  high  radio  frequencies  (70  to 
90  megacycles).  It  may  be  periinent  to  note  that 
Walker  (7)  established  three  expressions  for  the 
conductivity  of  cotton  cellulose  as  a  function  of 
moisture  content:  1.  Below  3  to  6  percent,  the  log¬ 
arithm  of  conductivity  varied  linearly  with  the  per¬ 
cent  moisture  content.  2.  Between  6  and  10  per¬ 
cent,  the  logarithm  of  conductivity  varied  linearly 
with  the  logarithm  of  moisture  content.  3.  From 
10  to  23  percent,  the  logarithm  of  conductivity 
varied  linearly  with  the  relative  humidity. 


Fig.  6. — Variations  in  the  equivalent  parallel  resistance  of 
the  4"  X  4"  X  1"  basswood  panels  with  moisture  content. 

A.  At  a  radio  frequency  of  5  megacycles. 

B.  At  a  radio  frequency  of  10  megacycles. 

C.  At  a  radio  frequency  of  15  megacycles. 

Another  factor  which  has  been  examined  is  the 

effect  of  electronic  heating  on  the  strength  of  the 
wood  during  an  edge-gluing  operation.  The  tough¬ 
ness  test  developed  by  the  U.  S.  Forest  Products 
Laboratory  was  employed  as  the  criterion  for  loss 
in  wood  strength.  Samples  measuring  10"  x 
X  of  basswood,  red  oak,  hard  maple,  yellow 
poplar  and  mahogany  were  subjected  at  a  radio  fre¬ 
quency  of  5  megacycles  to  voltages  up  to  a  gradient 
of  8000  peak  volts  per  inch  for  periods  up  to  3 
minutes  duration.  These  restrictions  on  voltage  and 
heating  time  exceed  the  usual  maximum  conditions 
imposed  during  edge-gluing.  The  wood  samples 
were  matched  in  pairs  for  specific  gravity,  and  only 
samples  free  from  defects  and  having  a  slope  in 
grain  of  1  in  20  or  less  were  tested.  One  piece  from 
each  pair  was  subjected  to  the  r.f.  voltage,  and  all 
samples  were  conditioned  to  approximately  6  to  7 
percent  moisture  content  prior  to  testing  even 
though  this  is  not  a  prerequisite  in  toughness  tests. 

The  data  from  this  limited  study  were  analyzed 
by  means  of  a  "t”  test  of  paired  samples.  The  re¬ 
sults  indicate  that  there  is  no  significant  loss  in 
strength  in  wood  under  the  conditions  given  in 
Table  1.  The  tendency  for  mahogany  to  overheat 
and  burn  is  shown  by  the  fact  that  it  reached  a  crit- 
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ical  temperature  range  in  only  one  minute  of  heat¬ 
ing.  Similarly,  the  oak  when  heated  in  board  form 
could  not  withstand  more  than  6400  peak  volts  per 
inch  without  burning. 

The  Glue 

Since  the  resin  glue  used  in  an  electronic  gluing 
process  forms  the  main  power  consuming  load  on 
the  r.f.  generator,  its  electrical  characteristics  are  of 
paramount  importance.  The  results  of  a  study  made 
at  the  College  of  Forestry  on  wet  mixes  of  a  num¬ 
ber  of  commercially  available  resin  glues  have  been 
given  elsewhere  (8)  and  are  reproduced,  in  part,  in 
Table  2  and  Figs.  7  and  8. 

The  glues  being  used  for  radio  frequency  wood¬ 
gluing  at  the  present  time  are  mainly  the  room- 
temperature  and  intermediate-temperature  setting 
urea,  resorcinol  and  phenol-resorcinol  resin  adhe¬ 
sives  developed  for  cold-press  gluing.  Some  hot- 
press  melamine  adhesives  also  have  found  applica¬ 
tion  in  this  field.  The  synthetic  resin  glues  lend 
themselves  to  this  process  quite  readily  due  to  the 
fact  that  they  are  of  the  thermosetting  type,  and 
will  show  a  marked  reduction  in  curing  or  setting 
time  when  the  glue  line  temperature  is  raised  to  the 
range  165°  F.  to  240°  F. 

A  rigorous  determination  of  the  electrical  resist¬ 
ance  of  a  wet  glue  line  between  two  pieces  of  wood 
would  require  that  the  dimensions  of  the  glue  line 
include  not  only  the  external  glue  line  but  also  the 
internal  glue  which  has  penetrated  into  the  wood 
cavities.  The  moisture  in  the  liquid  glue  will  also 
change  the  electrical  characteristics  of  the  wood  sub¬ 
stance  immediately  adjacent  to  the  glue  line.  The 
dimensions  of  the  internal  glue  line  depend  upon 
the  penetration  obtained,  which  in  turn  is  affected 
by  the  porosity  and  moisture  content  of  the  wood, 
the  mixed  ratio  and  the  amount  of  glue  spread,  the 
pot  life  or  rate  of  change  in  viscosity  of  the  glue 
with  time,  the  assembly  time  (open  and/or  closed), 
the  pressure  used  during  the  press  time  and  the 
angle  which  the  grain  of  the  wood  makes  with  the 
glue  line.  In  addition,  a  flow  period  may  exist  dur- 


Fig.  7. — Variations  in  the  r.f.  conductivity  due  to  percent 
hardener  measured  at  4  megacycles. 
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Table  2. — The  r.f.  Conductivity  in  Micromhos  Per  Centimeter  and  the  Dielectric 
Constant  of  Commercial  Resin  Glues  at  4,  8,  12  and  16  Megacycles 

Mix  ratio'  Dielectric  conatant  R.F.  Conductivity^ 


Sample  Basic  type  of  resin  Hardener  Water  4  me  8  me  12  me  16  me  4  me  8  me  12  me  16  me 

B .  liquid  urea  —  —  69.2  65.3  63.8  63.8  202  231  263  313 

“  ••  20  —  3410  3460  3520  3580  . 

C .  «  _  _  62.2  48.8  48.0  47.8  37  60  75  98 

“  “  16  —  35.6  32.1  28.8  21.4  '1174  1246  1310  1400 

D .  ....  _  _  50.2  47.0  46.6  46.0  40  61  83  107 

“  “  .  13  —  48.4  42.3  35.6  34.2  725  751  784  824 

F .  powdered  urea  —  60  2054  2114  2250  2347 

H _  liquid  resorcinol  —  —  4150  4190  4280  4240 

“  “  17  —  -  -  -  -  2570  2630  2760  2760 

J .  powdered  meUmine  10  40  36.9  35.1  31.9  31.4  978  1015  1080  1176 

Tap  water .  —  —  82.3  83.8  86.6  89.0  224  231  248  273 


'The  mix  ratio  was  based  upon  the  manufacturer’s  instructions,  and  consisted  of  100  parts  by  weight  of  the  basic  resin  glue  plus  the  parts 
of  hardener  and/or  water  as  indicated. 

^The  unit  of  conductivity  is  the  reciprocal-ohm  or  mho  per  unit  length.  For  convenience  the  unit  used  in  this  table  is  the  micrombo  or  one- 
millionth  of  a  mho  per  centimeter. 


ing  the  early  stages  in  an  r.f.  gluing  process  when 
the  heated  glue  may  penetrate  into  the  wood  to  the 
extent  that  a  "starved  joint”  results. 

Considering  all  of  the  variables  mentioned  above, 
the  chances  of  obtaining  significant  dimensions  for  a 
glue  line  in  situ  seem  small  indeed.  As  a  conse¬ 
quence,  the  component  of  the  total  resistance  of  a 
wood-glue  combination  attributable  to  the  glue  line 
was  developed  in  terms  of  an  equivalent  parallel 
resistance. 

A  wet  glue  line  between  the  parallel  plates  of  a 
load  capacitor  may  be  represented  by  a  capacitance 
Cg  and  a  resistance  Rg  in  parallel,  as  in  Fig.  4-A,  or 
in  series,  as  in  4-B.  Due  to  the  relatively  high  con¬ 
ductivity  of  most  glues  and  the  physical  dimensions 
of  the  external  glue  lines,  the  capacity  effect  is  neg¬ 
ligible  and  the  glue  can  be  represented  solely  by  the 
resistance  Rg.  The  equivalent  resistance  of  the  glue 
may  then  be  calculated  by 

R  ohms _ 10 

Rw  —  Rw  +  g 

where  R.»  and  Rw  +  g  are  the  resistances  of  the  wood 
alone  and  the  wood-glue  combination,  respectively. 


The  effective  parallel  resistance  of  a  single  glue 
line  in  the  4''  x  4"  x  1"  panels,  and  for  one  or 
more  glue  lines  in  the  larger  press  panels  are  given 
in  Fig.  6  and  Table  3. 

The  power  dissipated  as  heat  in  the  glue  is  ob¬ 
tained  by  rewriting  equation  5  as 

E* 

Pg=:=r-watts _ 11 

R* 

Thus,  by  inspection  it  becomes  evident  that  if  Rg 
is  decreased  (i.e.,  conductivity  of  a  glue  is  in¬ 
creased)  the  heat  generated  in  a  glue  line  in  an 
edge-glued  panel  is  increased.  If  in  an  edge-glued 
panel  the  glue  lines  are  more  conductive  than  the 
wood  (total  Rg  is  less  than  R*).  the  power  dissi¬ 
pated  as  heat  in  the  glue  will  be  greater  than  that 
dissipated  in  the  wood  in  the  ratio 


This  relationship  indicates  the  power  dispersal 
which  will  occur  during  an  edge  gluing  operation, 
and  is  the  reason  for  making  a  glue  as  conductive  as 
possible  short  of  the  arcing  or  the  excessive  drying 
point  in  order  to  increase  the  selectivity  of  the  glue 
line  heating. 

It  is  interesting  to  note  that  in  a  perpendicular 
heating  operation  (i.e.,  curing  of  flat  and  molded 
pl3iwood  or  laminates  by  r.f.  heating)  the  equiva¬ 
lent  resistance  of  the  wood  and  the  glue  may  be 
considered  to  be  in  a  series  circuit  so  that  the  power 
equation  becomes  P  =  PRt  watts  where  I  is  the 
total  effective  current  through  the  wood-glue  load  in 
amperes,  and  Rt  is  the  total  series  resistance  in  ohms 
(Rt  =  R^  -j-  Rg).  In  this  case  an  increase  in  the 
selective  heating  of  the  glue  lines  would  require 
that  the  glue  be  made  less  conductive  in  order  to 
have  Rg  as  large  as  possible.  Due  to  the  physical 
dimensions  of  a  glue  line  in  any  practical  perpen¬ 
dicular  heating  process,  Rg  will  consistently  be  less 
than  R^,  and  the  main  electrical  heating  will  take 
place  in  the  wood.  The  glue  lines,  in  turn,  will  be 
heated  by  thermal  conduction  from  the  wood  layers. 

Another  factor  to  be  considered  is  the  power 
density.  Since  the  volume  of  the  glue  lines  is  much 
less  than  the  volume  of  the  wood,  the  power  dissi¬ 
pated  as  heat  in  the  glue  lines  will  be  many  times 
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greater  than  that  generated  in  the  wood.  Conse¬ 
quently,  even  though  the  effective  resistance  of  the 
glue  lines  may  be  of  the  same  order  of  magnitude 
as  that  of  the  wood,  there  will  be  a  tendency  for  the 
"heating  effect”  to  be  concentrated  in  the  glue  lines. 

Lacey  and  Howe  (2)  in  their  study  of  the  elec¬ 
tronic  edge-gluing  of  English  beech  with  a  group  of 
British  resin  adhesives  developed  the  relationships 
between  voltage  gradient  and  heating  time  shown 
in  Fig.  9.  They  found  that  the  arcing  line  for  their 
urea  glues  was  well  above  6000  volts  per  inch  and 
that  the  damage  line  appeared  to  be  non-existent. 
On  the  other  hand,  for  some  resorcinols,  the  arcing 
line  dropped  to  the  position,  and  for  caseins 
the  arcing  line  was  below  the  operating  line  (Vo) 
precluding  the  use  of  caseins  in  electronic  gluing. 

At  the  College  of  Forestry,  we  are  currently  en¬ 
gaged  in  an  attempt  to  correlate  voltage  gradient 
and  heating  time  with  glue  conductivity  in  an  effort 
to  determine  an  optimum  range  of  conductivity  for 
edge-gluing  operations. 


The  Wood-Glue  Combination 
In  the  final  analysis,  it  is  the  electrical  behavior 
of  the  wood-glue  combination  which  we  must  un¬ 
derstand  in  order  to  perfect  our  methods  and  in¬ 
crease  efficiency  in  the  electronic  gluing  operation. 
As  shown  in  Fig.  4-A,  the  simplified  circuit  for 
electronic  edge-gluing  relates  the  resistances  and 
capacitances  of  the  wood  and  the  glue  in  a  parallel 
arrangement.  The  effective  resistance  of  the  wood- 
glue  load  employing  standard  electrical  engineering 
theory  is 

Rw^g==P^”r^4-ofinis  - 13 

IVw  “p  -^g 

The  total  radio  frequency  power  dissipated  as 
heat  in  an  edge-glued  assembly  during  the  initial 
stages  of  a  gluing  cycle  is 


P  -JL-  P  — 

I  *  K  - 


£2 


-watts _ 14 


or  by  substitution 


E^(Rw  +  Rg) 
Rw  •  R. 


watts _ 15 


It  may  be  well  to  emphasize  at  this  time  that 
Equations  14  and  15  indicate  the  required  input 
power  to  an  edge-glued  assembly  when  the  glue  is 
wet.  As  previously  noted,  the  resistance  Rg  of  the 
glue  will  change  as  the  curing  cycle  progresses  so 
that  eventually  the  electrical  properties  of  the  glue 
approach  those  of  the  wood.  The  wood  and  the  glue 
no  longer  form  parallel  paths  for  the  r.f.  current 
and  the  input  power  is  reduced  to  approximately 
the  level  given  by  Equation  5. 

Again  employing  the  Q-Meter,  but  with  an  in¬ 
dustrial  sized  edge-gluing  press,  the  electrical  prop¬ 
erties  of  basswood  panels  measuring  36"  x  25"  x  1" 
were  obtained  at  5  megacycles  and  5  percent  mois¬ 
ture  content.  The  equivalent  parallel  resistance,  the 
Q  and  the  power  factor  of  the  load  were  evaluated 
for  a  varying  number  of  glue  lines.  The  results  of 


Vo  =  Voltage  gradient  required  for  proper  curing  of  a 
resin  glue. 

Vt=  Voltage  gradient  above  which  the  wood  is  heated 
excessively. 

Vd=  Voltage  gradient  above  which  the  glue  line  suf¬ 
fers  immediate  or  long-time  degradation. 

Va  =  Voltage  gradient  above  which  the  glue  arcs. 

■ 

Va  =  Voltage  gradient  above  which  certain  glues  arc. 
tA  =  Heating  time  at  which  arcing  occurs  with  volt¬ 
age  Va. 

to  =  Heating  time  at  which  damage  occurs  with  volt¬ 
age  Vd. 

tA  =  Heating  time  at  which  certain  glues  arc. 
tw=  Heating  time  above  which  the  wood  heats  exces¬ 
sively. 

this  investigation,  given  in  Table  3,  and  the  data  of 
Fig.  6  indicate  that  the  number  of  glue  lines,  the 
moisture  content  of  the  wood  and  the  radio  fre¬ 
quency  of  operation  definitely  affect  the  electrical 
resistance  of  the  wood-glue  combination.  In  con¬ 
trast  to  these  factors,  the  edge  pressure  does  not 
exercise  a  great  effect  on  the  observed  values. 


Table  3. — The  Parallel  Resistance,  Q  and  Power 
Factor  of  a  Wood-Glue  Combination  for  a 
Varying  Number  of  Glue  Lines 


Number  of  glue  lines  in  ohms  in  ohms  '»load  *  •‘•load 

0.. .  2036  -  28.7  0.035 

1-- .  1286  3356  23.1  0.043 

3 .  754  1198  13.9  0.072 

5 .  511  682  9.3  0.108 


Referring  once  again  to  the  diagram  of  Lacey  and 
Howe  (Fig.  9),  the  region  of  operation  during  an 
electronic  edge-gluing  process  is  bounded  by  the 
Vo  line  below  which  the  glue  is  uncured,  by  the  Vt 
line  above  which  an  excessive  heat  loss  occurs  in  the 
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wood,  and  by  the  Vd  line  above  which  such  damage 
as  too  rapid  drying  of  the  glue  or  long-time  deterio¬ 
ration  of  the  glue  lines  may  result. 

Needless  to  say,  these  boundaries  may  be  ex¬ 
tremely  sensitive  to  such  factors  as: 

1.  Wood  species. 

2.  Type  of  glue. 

3.  Mixing  ratio. 

4.  Mix-age  or  viscosity  of  the  glue  mix. 

5.  Glue  spread. 

6.  Assembly  time. 

7.  Stock  preparation. 

8.  Press  operation. 

9.  Factory  temperature-humidity  conditions. 

However,  under  any  given  set  of  these  conditions, 
the  area  of  "safe-setting  conditions”  can  be  delin¬ 
eated.  It  is  within  this  region  then  that  optimum 
efficiency  and  satisfactory  performance  in  an  elec¬ 
tronic  gluing  process  can  be  attained. 

Practical  Aspects  of  Electronic  Gluing  Research 

From  a  practical  viewpoint,  we  know  that  wood 
can  be  successfully  glued  by  electronic  heating.  The 
many  mechanical  and  physical  factors  which  have 
proven  to  be  critical  to  the  success  of  this  process 
have  been  investigated  and  are  now  under  constant 
surveillance  and  control  in  most  factories  employing 
this  type  of  equipment.  The  results  of  the  past, 
present  and  future  investigations  into  the  electrical 
behavior  and  requirements  of  the  wood,  glue  and 
wood-glue  combinations  should  prove  to  be  of  equal 
value. 

As  applied  to  present  equipment  and  practices, 
the  results  of  research  in  electronic  gluing  to  date 
indicate  that  within  certain  limitations: 

1.  The  data  available  in  the  literature  on  the  elec¬ 
trical  properties  of  wood  and  glues  permits  the  de¬ 
sign  or  application  engineer  to  calculate  the  elec¬ 
trical  characteristics  of  a  wood-glue  load. 

2.  The  maximum  power  output  required  from  an 
r.f.  generator  may  be  approximated  for  any  par¬ 
ticular  load,  thus  indicating  the  size  of  the  r.f. 
generator  required  for  the  job. 


3.  The  concept  of  a  region  of  "safe-setting  con¬ 
ditions”  permits  an  evaluation  of  the  voltage-heating 
time  relationship  required  for  maximum  efficiency 
and  satisfactory  performance  of  the  equipment. 

4.  The  r.f.  voltage  is  a  definite  criterion  of  the 
power  input  to  the  load.  In  contrast  to  the  rather 
complex  equipment  and  complicated  procedures  re¬ 
quired  to  measure  the  electrical  characteristics  of  a 
wood-glue  load,  a  simple  r.f.  peak  reading  volt¬ 
meter  provides  a  direct  indication  of  optimum  tun¬ 
ing  whenever  a  load  is  altered  in  size  or  make-up. 

5.  Modification  of  present  resin  glues,  not  only 
to  provide  increased  conductivity  in  some  cases,  but 
also  to  increase  the  chemical  reactivity  of  the  basic 
polymeric  constituents  at  elevated  glue  line  tempera¬ 
tures  is  desirable. 
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Discussion 

E.  George  Stern  (Virginia  Polytechnic  Institute): 
I  congratulate  the  author  on  the  manner  in  which 
he., investigated  the  subject.  I  wish  that  more  inves¬ 
tigators  of  wood  would  give  consideration  to  the 
elimination  of  variables  by  matching  for  variability 
and  specific  gravity  or  by  correcting  for  specific 
gravity  as  was  done  in  this  case.  I  am  convinced 
that  the  data  presented  on  such  a  basis  are  more 
valuable  since  they  allow  a  more  direct  and  signifi¬ 
cant  comparison  with  a  smaller  number  of  tests. 

Mr.  X:  Why  did  you  pick  the  toughness  of  wood 


as  the  basis  for  examining  the  effects  of  the  radio 
frequency  heating  on  wood  strength. 

John  M.  Yavorsky  (New  York  State  College  of 
Forestry) :  The  choice  of  the  toughness  test  was 
somewhat  arbitrary  since  we  could  have  used  any 
one  of  the  several  tests  of  wood  strength.  However, 
the  toughness  test  has  been  shown  to  provide  a  very 
sensitive  measure  of  the  degradation  in  wood 
strength  due  to  shortening  of  the  cellulosic  chains 
during  incipient  decay.  Similarly,  this  test  should 
indicate  any  degrading  effects  which  might  possibly 
occur  due  to  molecular  agitation  brought  about  by 
the  high  frequency  electric  field. 


Adhesive  Developments  and  Supplies  for  Defense 

N.  V.  PoLETiKA,  Laboratory  Manager  Timber  Engineering  Company,  Washington,  D.  C. 


The  status  of  post  World  War  II  technical  progress  in  adhesives  developments  is  reviewed  and  factors  influencing 
current  and  intensified  emerge’ncy  supplies  are  outlined. 


Introduction 

The  development  of  new  adhesives  seems  to  be 
something  of  a  seasonal  affair  in  the  United 
States.  The  seasons,  however,  are  not  the  pleasant 
changes  in  the  weather  but,  unfortunately,  seem  to 
be  characterized  by  periods  of  national  emergency. 
In  periods  of  peace  the  demand  for  adhesives  is 
primarily  for  civilian  production  in  which  competi¬ 
tion  forces  the  adhesive  manufacturer  to  concentrate 
on  improving  his  manufacturing  efficiency  and  to 
lower  the  cosf^  of  his  adhesives  through  various 
modifications  in  existing  formulations  and  through 
the  development  of  substitute  materials.  In  defense 
production,  on  the  other  hand,  cost  is  only  of  sec¬ 
ondary  consideration  and  in  many  instances,  maxi¬ 
mum  durability  is  the  most  important  requirement. 
These  different  objectives  coupled  with  an  over-all 
increased  production  which  attends  a  mobilization 
effort  are  responsible  for  the  acute  scarcities  and 
confusion  which  describe  the  current  adhesive 
situation. 

Adhesive  Developments  After  World  War  II 

There  is  no  need  to  trace  the  developments  of  the 
different  types  of  adhesives  which  were  in  use  dur¬ 
ing  World  War  II  since  a  great  deal  has  already 
been  published  on  this  subject.  Post-World  War  II 
developments  deserve  consideration,  however,  since 
many  companies  which  were  in  war  work  during 
the  last  emergency  have  not  had  much  occasion  to 
keep  up  with  adhesive  developments  but  are  now 
again  in  a  position  where  this  information  is  of  vital 
interest  to  them.  There  is,  of  course,  no  clear-cut 
line  of  demarcation  between  the  period  of  the  last 
war  and  the  subsequent  peace,  and  therefore,  some 
of  the  adhesive  developments  currently  in  use  were 
started  a  good  many  years  ago. 

Adhesives  for  Interior  Use 

When  the  forest  products  industry  returned  to 
civilian  production  in  late  1945  and  early  1946,  it 
found  that  the  demand  for  civilian  goods  was  tre¬ 
mendous.  In  furniture  manufacturing  the  need  for 
animal  glue  for  panel  and  assembly  work  was  so 
great  that  the  suppliers  of  this  glue  were  unable  to 
satisfy  the  ever-growing  demand.  To  fill  in  this  dis¬ 
crepancy  in  the  supply  and  demand,  the  polyvinyl 
acetate  adhesive  was  offered  to  the  wood-using  in¬ 
dustry.  The  polyvinyl  acetate  adhesive  will  produce 
a  strong  joint  after  a  half  hour  or  less  in  the  clamps. 


This  adhesive  has  now  found  a  place  for  itself  in 
the  gluing  of  certain  wood  products  where  a  great 
amount  of  moisture  resistance  is  not  required. 

Animal  glue  is  currently  much  the  same  type  of 
material  that  has  been  used  for  many  a  decade.  It 
has  maintained  a  very  important  position  in  the 
furniture  and  other  industries  which  produce  glued 
wood  products. 

Another  interesting  development  for  joints  in 
which  moisture  resistance  is  of  secondary  impor¬ 
tance,  is  the  introduction  of  a  ready-to-use  vegetable 
adhesive  for  assembly  gluing.  It  is  claimed  that 
after  40  minutes  under  pressure  there  is  sufficient 
set  to  allow  handling.  This  glue  is  essentially  the 
same  vegetable  material  which  has  been  used  for 
many  years  by  the  woodworking  industry,  except 
that  it  has  been  converted  from  powder  to  liquid 
form. 

Adhesives  for  Moisture  Resistant  Joints 

The  post-World  War  II  period  saw  a  tremendous 
expansion  in  the  use  of  urea  formaldehyde  adhesives 
both  for  assembly  and  plywood  gluing.  While  no 
startling  developments  in  urea  formaldehyde  resins 
took  place  in  this  period,  certain  modifications  and 
refinements  deserve  consideration. 

One  noteworthy  modification  in  urea  formalde¬ 
hyde  adhesives  was  the  use  of  different  hardeners 
with  the  same  resin,  to  permit  its  use  for  both  cold- 
press  and  hot-press  operation.  These  formulations 
are  now  in  common  use  and  greatly  simplify  the 
handling  and  storage  problems  in  a  fabricating 
plant. 

Another  important  modification  was  the  develop¬ 
ment  of  liquid  urea  adhesive  mixtures  with  low- 
solids  content.  These  formulations  are  quite  adapt¬ 
able  to  bulk  handling.  Many  manufacturers  of  glued 
wood  products  now  purchase  their  adhesive  by  the 
tank  car  and  distribute  the  adhesive  to  various  por¬ 
tions  of  their  plant  by  pumping  through  a  system 
of  pipes.  The  longer  storage  life,  which  is  char¬ 
acteristic  of  the  low-solids  mixture,  makes  possible 
the  purchase  of  large  quantities  of  material  with  a 
maximum  assurance  that  spoilage  will  be  insignifi¬ 
cant.  Companies  now  using  the  adhesive  in  this 
way  are  reporting  substantial  savings  in  handling 
costs. 

The  increase  in  the  use  of  high-frequency  core 
machines  in  furniture  and  other  plants  has  promoted 
the  development  of  urea  adhesives  which  are  spe- 


292 


ADHESIVE  DEVELOPMENTS  AND  SUPPLIES  FOR  DEFENSE 


293 


cifically  designed  for  this  use.  Most  glue  companies 
have  several  formulations  which  they  recommend  for 
high-frequency  gluing. 

Synthetic  resin  adhesives,  and  especially  urea  for¬ 
maldehydes,  do  not  perform  well  when  the  gluing 
conditions  result  in  an  excessively  thick  glue  line. 
Fortification  of  the  basic  urea  resin  by  addition  of 
other  materials  has  improved  the  crazing  resistance 
of  the  glue  line,  and  with  the  addition  of  some  ma¬ 
terials,  the  water-resistance  of  the  glue  has  also  been 
substantially  increased.  As  a  matter  of  fact,  use  of 
some  of  these  improved  ureas  may  well  be  possible 
in  certain  phases  of  defense  production  where  fully 
waterproof  adhesives  are  now  specified,  since  some 
of  the  fortified  ureas  exhibit  satisfactory  joint 
strengths  after  exposure  to  boiling  w'ater. 

There  are  many  gluing  operations  where  rapid 
curing  of  a  moderately  water-resistant  glue  line  is 
necessary,  but  only  simple  clamping  and  curing 
equipment  is  available  to  do  the  job.  To  satisfy  this 
demand,  a  urea  formaldehyde  adhesive  has  been  per¬ 
fected  which  will  develop  sufficient  cure  after  ten 
minutes  under  pressure  to  permit  satisfactory  han¬ 
dling.  The  adhesive  is  supplied  in  two  parts;  one 
part  consisting  of  the  resin  itself  which  is  spread  on 
one  of  the  surfaces  to  be  glued,  and  the  other  part 
consisting  of  the  catalyst  which  is  spread  on  the 
second  mating  surface  of  the  joint.  Clamping  of  the 
assembled  joint  must  be  done  rapidly  since  the  hard¬ 
ening  of  the  glue  line  starts  immediately  after  the 
two  mating  surfaces  have  been  brought  into  contact. 
This  formulation  has  found  many  uses  in  the  gluing 
of  such  items  as  bowling  pins,  laminated  shoe  lasts, 
and  furniture  items.  An  interesting  application  of 
the  fast-curing  adhesive  is  the  manufacture  of  a 
two-ply  veneer  corrugation  suitable  as  core  mate¬ 
rial  for  building  construction  panels. 

There  are  other  adhesives  besides  urea  formalde¬ 
hyde  for  moisture  resistant  joints  such  as  casein  and 
blood  derivatives,  but  they  are  today  pretty  much 
the  same  materials  which  were  available  during 
World  War  II.  Casein  glue  has  found  an  important 
use  in  the  fabrication  of  large  structural  members 
which  are  glued  under  comparatively  low  tempera¬ 
ture  conditions.  On-the-job  gluing  of  prefabricated 
house  assemblies  has  been  done  to  a  large  extent 
with  casein  glues. 

Adhesives  for  Fully  Waterproof  Joints 

In  periods  of  preparedness  and  mobilization,  the 
greatest  demand  is  for  adhesives  which  will  produce 
fully  waterproof  joints.  Part  of  this  demand  is  at¬ 
tributable  to  the  sever  exposure  conditions  to  which 
the  glued  products  are  subjected.  The  other  reason 
for  this  increased  demand  is  the  tendency  of  speci¬ 
fication  writers  to  incorporate  the  best  possible  ad¬ 
hesives  for  all  defense  production  items.  While  it 
is,  of  course,  desirable  to  use  the  best  available  adhe¬ 
sives  for  war  production,  in  certain  instances  joints 
which  are  of  low  moisture  resistance  are  perfectly 
satisfactory,  and  in  these  instances,  use  of  a  some¬ 


what  less  water-resistant  glue  would  help  the  over¬ 
all  supply  and  demand  picture. 

One  of  the  developments  in  the  field  of  fully 
waterproof  adhesives  which  deserves  consideration 
is  the  use  of  different  types  of  acid  catalyst  with 
phenolic  resin.  Formulations  of  this  type  are  now 
available  on  the  market  which  will  produce  fully 
waterproof,  exterior  grade,  cold-pressed  plywood 
after  8  to  12  hours  under  pressure  at  75  deg.  F., 
and  a  subsequent  conditioning  period  of  approxi¬ 
mately  72  hours.  This  same  type  of  adhesive  can  be 
used  for  assembly  gluing.  Because  of  the  action  of 
the  hardener  which  promotes  the  rapid  curing,  it  is 
necessary  to  exercise  a  certain  amount  of  care  in  the 
timing  of  the  assembly  operations  and  the  working 
life  of  the  mixture.  There  are  probably  a  number 
of  applications  where  use  of  the  acid-catalyzed  phe¬ 
nolic  will  relieve  the  demand  for  the  more  conven¬ 
tional  adhesives  used  to  develop  this  quality  of  joint. 

Phenolic  resins  which  are  used  predominantly  in 
the  manufacture  of  hot-press  waterproof  plywood, 
are  pretty  much  the  same  adhesives  which  were  used 
six  years  ago.  Of  course,  as  in  any  progressive  in¬ 
dustry,  the  adhesive  manufacturers  have  incorpo¬ 
rated  refinements  in  their  phenolic  adhesives  which 
improve  their  handling  characteristics  and  decrease 
the  unit  cost  of  a  glue  line. 

The  development  of  so-called  intermediate-tem¬ 
perature  phenolics  which  are  suitable  for  many  ap¬ 
plications  and  have  been  used  extensively  for  marine 
laminating  has  not  been  extensive  in  the  period  un¬ 
der  consideration.  The  principal  reason  for  this  is 
that  increased  acceptance  of  the  resorcinol  formalde¬ 
hyde  adhesives  has  decreased  the  interest  in  modified 
phenolics. 

The  principal  advantage  of  the  resorcinol  adhe¬ 
sive  over  the  modified  phenolics  is  the  lower  curing 
temperature  that  is  necessary  to  achieve  the  re¬ 
quired  amount  of  durability.  Most  of  the  resorcinol 
adhesives  available  on  the  market  today,  however, 
have  been  modified  in  the  interest  of  cost,  from  the 
original  almost  pure  resorcinol  formaldehyde  com¬ 
binations  by  the  addition  of  varying  amounts  of 
phenol. 

The  successful  use  of  resorcinol  adhesives  during 
the  latter  part  of  World  War  II  has  pretty  well 
established  this  material  in  the  fabrication  of  items 
where  hot-press  temperatures  are  not  practical.  In 
the  period  following  World  War  II  when  only  a 
minimum  of  work  was  performed  for  the  Armed 
Forces,  the  resorcinol  adhesives  were  in  little  de¬ 
mand  principally  because  their  comparatively  high 
cost  prohibited  their  use  in  any  but  the  most  exact¬ 
ing  applications.  As  a  consequency  of  this  lack  of 
demand,  comparatively  few  outstanding  develop¬ 
ments  in  resorcinol  glues  have  taken  place.  One 
noteworthy  development  was  the  use  of  hardeners 
which  did  not  release  irritating  odors.  A  prominent 
adhesive  manufacturer  has  on  the  market  today,  a 
resorcinol  glue  which,  when  mixed  with  a  special 
catalyst  produces  a  minimum  of  irritating  fumes. 
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In  the  gluing  of  large  members,  lack  of  irritating 
fumes  is  desirable  from  the  standpoint  of  the  wel¬ 
fare  of  the  workmen.  Most  of  the  resorcinol  ad¬ 
hesive  available  today,  however,  can  be  used  with¬ 
out  any  danger  to  the  workman,  if  proper  ventilat¬ 
ing  facilities  are  provided. 

The  few  preceding  comments  on  adhesive  devel¬ 
opments  since  World  War  II  concern  themselves  to 
a  large  extent  with  adhesives  which  are  available 
immediately  for  a  production  purpose.  There  are 
undoubtedly  a  number  of  developments  in  the  lab¬ 
oratories  of  various  adhesive  manufacturers  which 
may  eventually  provide  the  fabricating  industry  with 
the  ideal  combination  of  fully  waterproof  joints  at 
very  low  cost. 

The  history  of  the  adhesive  industry  has  shown 
that  the  intensity  of  effort  which  is  devoted  to  re¬ 
search  and  development  during  periods  of  prepar¬ 
edness  can  often  produce  outstanding  results  in  a 
very  short  time  as  compared  to  the  many  years  re¬ 
quired  to  achieve  the  same  results  under  peacetime 
conditions. 

Supply  of  Adhesives  for  Defense  Production 

Any  prediction  of  the  availability  of  adhesives 
for  defense  production  is  a  precarious  proposition 
because  of  the  many  intangibles  which  are  involved. 
Even  if  precise  statistics  on  adhesive  production 
were  available,  it  would  be  necessary  to  know  how 
much  of  the  adhesive  supply  would  be  used  in 
civilian  production  and  how  much  for  defense  pro¬ 
duction  before  an  intelligent  evaluation  of  the  whole 
problem  could  be  made.  Unfortunately,  this  propor¬ 
tion  of  use  is  very  indefinite. 

Some  general  comments  on  the  availability  of  ad¬ 
hesives  based  on  the  production  capacities  of  the 
chemical  manufacturers  and  the  requirements  of  the 
adhesive-using  woodworking  industries  at  the  time 
of  writing  may  be  worth  while.  Changes  in  the  sys¬ 
tem  of  allocation  and  world  conditions  may  make 
any  of  the  subsequent  comments  obsolete  overnight. 

The  Defense  Order  system  of  priority  established 
by  National  Production  Authority  is  designed  to 
channel  scarce  materials  into  defense  production.  In 
actual  practice,  the  broad  coverage  of  this  system 
often  makes  a  DO  rating  on  an  order  of  little  prac¬ 
tical  significance  in  being  able  to  obtain  critical 
materials.  Part  of  this  confusion  is  attributable  to 
lack  of  control  on  the  raw  material  manufacturer 
and  part  to  the  absence  of  a  priority  system  to  dis¬ 
tinguish  the  importance  of  the  different  DO  orders. 

In  the  last  war  the  distribution  of  adhesive  mate¬ 
rials  was  controlled  by  the  War  Production  Board. 
The  individual  user  was  required  to  apply  to  the 
War  Production  Board  for  his  needs,  stating  his 
inventory  on  hand,  his  end  use,  the  amount  re¬ 
quired  and  the  source  from  which  he  wished  to  pur¬ 
chase  the  material.  The  War  Production  Board 
would  then  notify  both  the  customer  and  supplier 
of  the  amount  allocated  to  him  for  a  given  month. 
This  procedure  worked  out  reasonably  well  through¬ 


out  the  last  war  and  a  somewhat  similar  procedure 
probably  will  have  to  be  worked  out  for  the  cur¬ 
rent  defense  effort. 

Animal  glue,  both  hide  and  bone,  are  now  critical. 
While  DO  orders  are  not  required  to  obtain  animal 
glues,  this  type  of  designation  is  definitely  helpful 
especially  when  the  orders  are  larger  than  normally 
supplied  by  the  adhesive  manufacturer.  One  of  the 
important  reasons  for  this  condition  is  that  a  very 
large  portion  of  the  animal  glue  manufactured  is 
used  by  industries  other  than  woodworking  and 
these  other  users  of  the  glues  have  greatly  increased 
their  production.  The  prospect  on  the  availability 
of  animal  glue  is  that  until  a  more  definite  alloca¬ 
tion  procedure  is  established,  its  procurement  is  go¬ 
ing  to  be  progressively  more  difficult. 

The  availability  of  polyvinyl  acetate  emulsion 
glues  is  extremely  critical  and  DO  orders  are  defi¬ 
nitely  required  to  purchase  substantial  quantities. 
The  principal  reason  for  this  rather  surprising  short¬ 
age  is  that  the  raw  materials  used  in  the  manufac¬ 
ture  of  this  type  of  adhesive  are  in  great  demand 
for  uses  other  than  as  adhesives. 

In  general,  the  availability  of  urea  resins  is  good. 
The  high  production  of  this  adhesive  makes  it  pos¬ 
sible  for  the  supply  to  keep  up  with  the  demand. 
How  long  this  happy  situation  will  continue  is  un¬ 
known  but  shortages  in  acids  used  for  catalysts  and 
in  formaldehyde  which  seem  to  be  developing,  indi¬ 
cate  that  it  probably  will  not  be  long.  If  the  condi¬ 
tions  prevailing  in  World  War  II  are  any  indica¬ 
tions,  furniture  and  allied  civilian  production  will 
not  receive  all  the  urea  formaldehyde  adhesives  they 
would  like  to  have,  but  they  will  receive  a  fair  per¬ 
centage  of  their  needs. 

The  availability  of  phenolic  and  especially  re¬ 
sorcinol  adhesives  is  critical.  DO  orders  are  pre¬ 
ferred  for  phenolic  resins  and  are  essential  to  get 
resorcinols  in  any  volume.  The  reason  for  this  scar¬ 
city  is  apparently  intimately  tied  in  with  the  coun¬ 
try’s  benzene  production  capacity.  The  present 
method  of  manufacturing  benzene  is  tied  in  with 
the  coke  phase  of  steel  manufacture,  and  conse¬ 
quently,  production  of  benzene  is  pretty  much  at  its 
peak.  In  order  to  increase  the  production  of  ben¬ 
zene,  new  sources  of  supply  must  be  developed.  Ap¬ 
parently,  the  most  practical  way  of  accomplishing 
this  is  to  manufacture  the  benzene  from  petroleum. 
While  the  process  has  been  technically  perfected,  to 
develop  it  to  the  point  where  it  can  compete  with 
benzene  manufactured  from  coal  will  require  a  gov¬ 
ernment  subsidy.  This  subsidy  is  supposed  to  be 
forthcoming  this  year.  The  plans  of  the  National 
Economic  Resources  Board  call  for  an  increase  in 
this  year’s  production  of  benzene  from  about 
100,000,000  gallons  to  200,000,000  gallons. 

When  the  increased  production  of  benzene  is 
actually  achieved,  the  availability  of  phenol  and  re¬ 
sorcinol  adhesives  will  be  considerably  improved. 
In  addition,  when  the  mobilization  effort  really  gets 
rolling,  much  of  the  demand  for  phenolics  for  non- 
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essential  items  like  molded  toys  will  be  decreased, 
and  consequently,  a  larger  quantity  of  material  will 
be  released  for  manufacturing  into  adhesives. 

The  principal  reason  that  phenolic  adhesives  are 
somewhat  less  critical  than  resorcinols  is  that  since 
1945  the  country’s  phenol  production  has  approxi¬ 
mately  doubled,  while  the  production  of  resorcinol 
has  remained  about  the  same  and  practically  all  of 
this  limited  production  is  handled  by  one  company. 
With  the  proportional  allocation  of  raw  materials, 
in  this  case,  benzene,  it  is  readily  seen  that  the 
resorcinol  adhesive  manufacturer  is  not  in  a  good 
position  to  meet  the  demand  placed  on  him. 

Use  of  Substitute  Materials 

As  the  country’s  preparedness  effort  increases  it 
will  become  necessary  to  compromise  on  the  dura¬ 
bility  of  the  glued  joints  obtained.  There  are  two 
general  ways  in  which  this  can  be  accomplished; 
both  deserve  consideration. 

Most  of  the  workmanship  and  materials  in  items 
for  defense  production  are  controlled  by  govern¬ 
ment  specifications.  A  review  of  these  specifications 
will  undoubtedly  result  in  a  clarification  of  the  ad¬ 
hesive  needs  of  the  country.  There  are  many  in¬ 
stances  where  the  durability  required  of  the  item 
under  consideration  may  well  permit  the  use  of  an 
adhesive  which  has  a  lower  amount  of  moisture  re¬ 
sistance  and  is  .still  perfectly  adequate  for  the  job. 
The  Armed  Forces  realize  the  need  for  such  a  re¬ 
view  and  some  progress  has  been  made  in  making 
an  intelligent  appraisal  of  the  specifications. 

The  other  method  of  relieving  the  scarcity  of 
adhesives  will  be  the  use  of  new  substitute  mate¬ 


rials.  During  World  War  II  the  use  of  interme¬ 
diate  temperature  phenolics  and  later  resorcinols 
made  possible  the  extensive  marine  laminating  pro¬ 
gram  which  was  so  helpful  to  the  war  effort.  Similar 
developments  may  take  place  in  the  current  mobili¬ 
zation  period. 

Any  substitute  adhesive  material  should  be  thor¬ 
oughly  evaluated  before  it  is  placed  in  production. 
To  accurately  evaluate  a  new  adhesive  properly, 
trained  personnel  must  be  available  both  on  the 
staff  of  the  adhesive  manufacturers  and  the  users. 
The  former,  by  and  large,  do  have  this  type  of  per¬ 
sonnel,  but  with  the  latter,  technically-trained  per¬ 
sonnel  is  the  exception  rather  than  the  rule.  The 
user  of  the  adhesive  must  make  a  special  effort  to 
either  hire  technically-trained  men  or  to  have  compe¬ 
tent  men  already  on  his  staff — trained  in  the  basic 
methods  of  evaluating  and  using  glues.  Training 
courses  of  this  nature  are  now  available  to  men  of 
the  woodworking  industries. 

Conclusion 

With  intelligent  planning  of  the  country’s  pro¬ 
duction  and  with  the  help  of  the  research  facilities 
of  the  adhesive  industry  enough  adhesives  for  the 
forest  products  industries  will  eventually  be  obtained 
to  satisfy  the  demand.  The  country  today  has  a 
much  higher  production  in  synthetic  chemicals  than 
it  did  during  World  War  II  and  the  plans  of  many 
adhesive  manufacturers  are  to  greatly  expand  their 
production.  In  addition,  we  have  a  diversity  of  ad¬ 
hesives  which  permits  us  to  manufacture  a  much 
wider  range  of  wood  products  suitable  for  the  needs 
of  the  Armed  Forces  than  we  had  during  most  of 
World  War  II. 


Discussion 

R.  L.  Hiller  (American  Cyanamid  Company) : 
The  Speaker  pointed  out  that  one  of  the  post-war 
developments  had  been  the  development  of  a  low- 
solids  resin  making  it  possible  to  ship  liquid  resins 
by  tank  car.  It  is  questionable  whether  this  was  the 
reason  for  tank  car  shipments.  High-solids  resins 
are  being  shipped  by  tank  car  very  successfully  and 
actually,  the  major  portion  of  the  development  of 
low-solids  resins  was  a  result  of  tank  car  shipments 
and  not  the  paramount  driving  force  for  such  ship¬ 
ments.  The  use  of  tank  cars  as  a  means  of  shipping 
ureas  was  one  of  economics;  namely,  reduced  manu¬ 
facturing,  container,  shipping,  and  handling  costs. 

vin  1945,  about  30,000,000  pounds  of  dry  urea 
and  melamine  resin  adhesives  were  produced;  in 
1950,  over  75,000,000  pounds  were  produced. 
These  figures  do  not  show  the  full  story  as  in  1945 
a  large  proportion  of  the  adhesives  sold  were  in 
powder  form.  In  1950  the  largest  percentage  sold 
was  in  liquid  form  containing  from  47  to  80  per¬ 
cent  solids  and,  therefore,  considerably  more  resin 
on  a  basis  of  actual  pounds  sold  was  shipped  than 
the  figures  indicate.  These  figures  do  establish  one 


fact — that  the  resin  adhesive  suppliers  have  sub¬ 
stantially  increased  their  capacity.  Actually,  the 
supply  of  resin  adhesives  available  for  civilian  con¬ 
sumption  is  going  to  be  controlled  to  the  greater 
extent  by  two  factors;  namely,  raw  material  supply 
and  government  control. 

In  the  case  of  urea  adhesives,  the  two  controlling 
materials  are  urea  and  formaldehyde.  Urea  produc¬ 
tion  capacity  has  been  increased  substantially  by  the 
one  established  manufacturer  and  there  is  now  an¬ 
other  domestic  producer.  Foreign  urea  is  also  avail¬ 
able  from  time  to  time.  Formaldehyde  also  is  pro¬ 
duced  in  considerably  larger  quantities  than  in 
1945.  Melamine  crystal  production  is,  likewise, 
increasing. 

Urea  resin  products  are  used  in  a  variety  of 
products  and  applications  are  widespread  in  the 
paper,  foundry,  textile,  and  finishing  fields.  Mela¬ 
mine  products  have  a  similar  widespread  applica¬ 
tion.  It  therefore  resolves  into  a  condition  where 
production  capacity  within  the  limits  of  material 
supply  is  controlled  by  what  the  Government  tells 
the  adhesive  supplier  he  can  produce  for  the  civilian 
woodworking  industry. 
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How  to  Formulate  Dry-Kiln  Schedules 

Raymond  C.  Rietz,  Chief,  Division  of  Timber  Physics,  Forest  Products  Laboratory,^  Forest  Service, 
U.  S.  Department  of  Agriculture,  Madison,  Wisconsin 


The  efficient  operation  of  a  lumber  dry  kiln 
depends  to  a  considerable  extent  on  the  use  of 
drying  schedules  that,  when  closely  adhered  to, 
reduce  over-all  kiln  time  and  minimize  seasoning 
degrade.  Forced-air-circulation  dry  kilns,  susceptible 
to  good  control  of  dry  and  wet-bulb  temperatures, 
can  be  operated  to  increase  production  at  reduced 
costs  if  the  kiln  operator  is  familiar  with  the  drying 
characteristics  of  the  wood  and  uses  severe  drying 
conditions  when  the  likelihood  of  damaging  the 
stock  no  longer  exists. 

As  kiln  time  and  seasoning  loss  determine  the 
general  cost  of  drying,  it  is  essential  that  the  drying 
schedule  be  so  patterned  that  the  drying  conditions 
are  effective  in  reducing  kiln  time  and  do  not  cause 
excessive  surface  checking,  end  splitting,  or  honey¬ 
comb.  The  objective  of  much  research  at  the  Forest 
Products  Laboratory  on  the  kiln  drying  of  wood 
has  been  to  determine  just  how  fast,  yet  safe,  a 
schedule  can  be  formulated  for  any  one  species  or 
item. 

General  experience  has  indicated  that,  in  drying 
hardwoods,  green  from  the  saw,  moderately  low 
temperatures  must  be  used  in  the  beginning,  but,  as 
the  stock  dries,  the  dry  bulb-bulb  temperature  can 
be  increased  step  by  step.  A  similar  pattern  of  re¬ 
duction  in  relative  humidity  as  the  stock  dries  is 
generally  known  to  be  effective.  Obviously,  many 
combinations  of  dry-bulb  temperature  and  relative 
humidity,  and  rates  of  increase  of  temperature  re¬ 
duction  in  relative  humidity  are  conceivably  suitable 
for  any  one  species  or  item.  The  problem  is  to  for¬ 
mulate  a  pattern  of  a  schedule  which  involves  tem¬ 
perature  and  relative  humidity  changes  that  appear 
to  be  adapted  to  practical  kiln  operation,  yet  are 
based  on  factors  related  to  the  causes  of  seasoning 
degrade.  If  moderate  dry-bulb  temperatures  are 
maintained  until  all  of  the  free  water  has  been 
evaporated  they  can  be  elevated  to  rather  high 
values  without  causing  honeycomb.  Thus,  acceler¬ 
ated  drying  through  the  use  of  high  dry-bulb  tem¬ 
peratures  is  limited  to  the  evaporation  of  hygro¬ 
scopic  water  except  in  those  species  that  do  not 
readily  honeycomb.  We  now  recommend  that  final 
dry-bulb  temperatures  as  high  as  180°  F.  be  used 


^Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 


to  kiln  dry  hardwoods.  In  some  instances,  however, 
much  higher  dry-bulb  temperatures  are  used  to  re¬ 
duce  kiln  time,  particularly  when  the  iteii*  does  not 
require  maintenance  of  maximum  strength  proper¬ 
ties.  The  successful  use  of  these  high  final  dry-bulb 
temperatures,  however,  is  dependent  upon  assur¬ 
ance,  through  good  sampling,  that  these  high  tem¬ 
peratures  not  be  used  until  practically  all  of  the 
pieces  in  the  kiln  charge  no  longer  contain  free 
water. 

In  kiln  drying  green  hardwoods,  high  initial 
relative  humidities  must  be  used  to  prevent  the 
development  of  an  excessive  amount  of  end  check¬ 
ing  and  splitting  or  surface  checking.  In  developing 
a  fast  schedule,  the  problem  is  to  set  up  a  technique 
to  determine  when  it  is  safe  to  reduce  the  relative 
humidity.  Obviously,  it  is  desirable  to  maintain  as 
low  a  relative  humidity  as  possible.  Studies  have 
shown  that,  when  hardwoods  are  case-hardened,  the 
relative  humidity  can  be  reduced  and  new  surface 
checks  or  end  checks  will  not  develop.  If  a  dry  kiln 
were  to  be  operated  on  the  basis  of  the  development 
of  case-hardening  in  relation  to  relative  humidity 
control,  the  kiln  operator’s  job  would  be  rather  diffi¬ 
cult.  As  the  temperature  schedules  are  based  on 
moisture  content,  it  is  desirable  that  the  relative 
humidity  schedules  also  be  based  upon  moisture 
content.  Thus,  in  drying  green  stock  the  relative 
humidity  can  be  lowered  after  about  one-third  of 
the  water  has  been  evaporated. 

These  concepts  of  accelerating  the  drying  of 
wood  by  elevating  dry-bulb  temperatures  and  reduc¬ 
ing  the  relative  humidity  when  damage  through 
honeycomb  or  surface  checking  is  no  longer  likely 
are  incorporated  in  the  Forest  Products  Laboratory’s 
new  recommendations  for  drying  schedules.  The 
dry-bulb  recommendations  are  separated  from  the 
humidity  recommendations,  so  that  the  concepts  of 
accelerated  drying  can  be  employed  advantageously. 
This  splitting  up  of  the  schedules  may  cause  some 
confusion,  but,  in  the  long  run,  we  believe  that 
material  benefits  in  reduced  kiln  time  will  be  gained 
without  increasing  seasoning  degrade.  Forest 
Products  Laboratory  Report  No.  D1791  presents 
these  new  drying-schedule  recommendations,  and  it 
incorporates  practical  suggestions  for  equalizing  and 
conditioning,  so  that  the  kiln  operator  can  produce 
uniformly  dried,  stress-free  stock. 
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Some  Characteristics  of  Brazilian  Parana  Pine  Affecting 

Its  Use  for  Millwork 

Maxon  Y.  Pillow,  Technologist,  Forest  Products  Laboratory,^  Forest  Service, 

U.  S.  Department  of  Agriculture 


A  softwood  from  Brazil  commonly  called  Parana  pine  has  many  desirable  characteristics  but  compression  wood  causes 
difficulty  in  the  form  of  warping.  Detection  of  compression  wood  and  kiln  drying  by  accelerated  scnedules  as  well  as  at 
moderate  temperatures  are  described. 


Introuucuon 

SOFTWOOD  from  Brazil  being  imported  in  large 
quantities  is  Brazilian  araucaria  (Araucaria 
angusti folia  (Bert)  O.  Kuntze.),  commonly  known 
as  Parana  pine.  Lumber  of  this  species  has  many 
desirable  characteristics.  It  has  attracted  considerable 
attention  because  of  its  use  in  general  millwork  and 
for  some  more  specialized  purposes,  for  example, 
as  wood  for  picture  frames  and  Venetian  blinds. 

An  appreciable  tendency  to  warp,  however,  has 
been  reported  for  some  pieces  of  Parana  pine.  Many 
requests  have  been  received  by  the  Forest  Products 
Laboratory  for  information  on  the  characteristics 
and  kiln  drying  of  Parana  pine.  The  large  numbers 
of  requests  has  indicated  a  need  for  further  investi¬ 
gation  of  the  behavior  of  this  wood  in  its  important 
uses. 

The  purpose  of  this  work  on  Parana  pine  was  to 
assemble  the  information  already  available,  to  deter¬ 
mine  some  characteristics  of  shrinkage  that  might 
cause  kiln-drying  defects  and  warping,  and  to 
observe  behavior  of  the  lumber  during  manufacture 
of  millwork  and  other  products.  Some  information 
came  from  15  or  more  years  experiences  with  this 
lumber  by  a  few  millwork  manufacturers.  In  addi¬ 
tion,  some  users  cooperated  by  providing  material 
for  laboratory  investigations  and  facilities  for  ob¬ 
serving  Parana  pine  lumber  during  commercial  kiln 
drying  and  the  manufacture  of  millwork.  Thus  the 
Forest  Products  Laboratory  was  able  to  examine  the 
characteristics  of  Parana  pine  by  combining  the  in¬ 
formation  obtained  from  observing  commercial 
practices  with  that  gained  from  laboratory  proce¬ 
dures. 

General  Characteristics  of  the  Lumber 

Parana  pine  is  a  softwood  or  conifer,  although 
not  a  pine.  Its  texture  is  uniform,  with  little  con¬ 
trast  between  springwood  and  summerwood.  The 
annual  rings,  however,  usually  are  clearly  marked 
by  a  few  narrow  fibers  at  the  outer  boundary  of  the 
rings,  so  that  they  are  seen  readily  on  planed  sur¬ 
faces.  The  wood  does  not  contain  resin  ducts  or 
exude  resin  as  do  native  pines,  but  some  resinous 
material  is  included  in  the  wood.  This  material  has 
been  reported  to  gum  up  sandpaper  to  a  much 
greater  extent  than  does  a  nonresinous  wood,  such 
as  basswood. 

Sapwood  of  Parana  pine  is  of  white  to  cream 
color,  while  heartwood  is  brown,  but  the  color 

^Maintained  at  Madison,  Wis.,  in  cooperation  with  the 
University  of  Wisconsin. 


sometimes  merges  with  shades  of  gray.  Outer  heart- 
wood  frequently  has  red  streaks,  and  although  the 
identity  of  these  has  not  been  determined,  they  do 
not  appear  to  be  associated  with  decay.  The,  brown 
to  gray  colors  of  heartwood  bleach  rapidly  with 
commercial  hydrogen-peroxide  bleach,  but  the  red 
streaks  are  aflFected  only  slightly  by  this  treatment. 

Parana  pine  lumber  received  in  this  country  has 
consisted  mostly  of  clear  boards.  Some  of  these  have 
been  entirely  sapwood;  others  have  contained  dif¬ 
ferent  proportions  of  sapwood  and  heartwood. 
Knots  were  present  in  relatively  few  boards  and 
were  usually  small.  A  limited  number  of  other 
boards  had  the  appearance  of  including  the  over¬ 
growth  of  knots.  The  boards  usually  were  10  to  20 
feet  long  and  varied  in  width  from  about  6  to  14 
inches.  Lumber  in  4/4-,  5/4-,  6/4-,  and  8/4-inch 
thickness  has  been  imported  into  this  country  during 
the  past  year. 

Physical  properties  were  determined  for  Parana 
pine  by  the  Institute  of  Technological  Research, 
Sao  Paulo,  Brazil.*  The  average  density  and  shrink¬ 
age  properties  of  Parana  pine  are  shown  in  Table  1 
in  comparison  with  some  of  our  native  species. 
Determination  of  strength  properties  by  the  Insti¬ 
tute  indicated  that  Parana  pine  has  properties  similar 
to  those  of  coast-type  Douglas-fir  of  this  country. 

Some  determinations  were  made  on  shrinkage  and 
specific  gravity  of  Parana  pine  lumber  that  was  sup¬ 
plied  by  domestic  plants  using  this  material  for 
millwork.  Average  tangential  shrinkage  of  flat- 
sawed  boards  was  somewhat  smaller  than  that  re¬ 
ported  from  Brazil,*  being  7.6  percent  as  compared 
with  8.4  percent.  This  smaller  average  tangential 
shrinkage  indicated  the  presence  of  compression 
wood  in  some  specimens,  as  compression  wood  is 
known  to  have  smaller  transverse  shrinkage  than 
normal  wood.  Average  specific  gravity  of  normal 
Parana  pine  determined  at  the  Forest  Products  Lab¬ 
oratory  conformed  closely  with  the  average  reported 
from  Brazil,*  being  0.45  and  0.44,  respectively, 
based  on  green  volume  and  ovendry  weights. 

The  wood  of  Parana  pine  is  reported  to  take  and 
hold  paint  well  and  also  to  glue  satisfactorily.  It  is 
reported  to  have  low  resistance  to  decay,  and,  there¬ 
fore,  it  should  be  treated  with  preservatives  for  uses 
in  which  decay  is  a  factor.*  ^me  commercial  ex¬ 
perience  has  shown  that  Parana  pine  readily  absorbs 
water-repellent  preservatives  such  as  are  commonly 

'Brush,  W.  D.  Brazilian  Araucaria  (Parana  pine).  U.  S. 
Dept,  of  Aj^ric.,  Forest  Service.  January  1945. 
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Table  1. — Some  Physical  Properties  of  Parana  Pine  in  Comparison  With  Some  Native  Species 


Specific 
gravity  > 


Parana  pine^ _  0.44 

Douelaa-fir^jS _  .45 

Ponderosa  pine® _  .38 

Loblolly  pine® _  .47 

Shortldd  pine® _  .46 


Shrinkage 


Weight  per 
cubic  foot* 

Radial 

Tangential 

Volumetric 

Pounds 

Percent 

Percent 

Percent 

33 

3.7 

8.4 

13.5 

34 

6.0 

7.8 

11.8 

28 

3.9 

6.3 

9.6 

36 

4.8 

7.4 

12.3 

36 

4.4 

7.7 

12.3 

‘Baaed  on  volume  when  green  and  oven-dry  weight. 

^At  12  percent  moisture  content. 

^Bulletin  No.  24,  Institute  of  Technological  Research,  Sao  Paulo,  Brazil. 
®  Coast-type  Douglas-fir. 

sTechnical  Bulletin  No.  479,  U.  S.  Dept,  of  Agric.,  Washington,  D.  C. 


used  for  millwork.®  A  few  3-niinute  dipping  tests 
made  at  the  Forest  Products  Laboratory  showed 
moderately  large  absorptions  of  the  solution  but 
practically  no  diflFerences  in  the  amounts  absorbed 
by  light-colored  sapwood  or  dark-colored  heart- 
wood.  This  moderately  large  absorption,  however, 
still  was  below  the  amount  that  might  be  expected 
to  interfere  with  painting  of  dipped  sash  made 
from  Parana  pine. 

Warping  Caused  by  Compression  Wood 

Warping  of  kiln-dried  Parana  pine  was  the  prin¬ 
cipal  defect  encountered  when  large  amounts  of  the 
lumber  were  recently  observed.  The  warping 
occurred  when  some  boards  were  planed,  ripped,  or 
resawed,  although,  in  general,  much  of  the  rough 
lumber  was  reasonably  straight.  The  surface-wise 
bowing  and  edgewise  crooking  resulted  from  in¬ 
ternal  stresses  along  the  grain.  A  common  cause  of 
such  stresses  is  the  inherently  smaller  shrinkage 
along  the  grain  of  normal  wood  compared  with 
greater  longitudinal  shrinkage  in  the  abnormal  type 
known  as  compression  wood.  The  action  of  longi¬ 
tudinal  stresses  that  resulted  from  differences  in 
shrinkage  of  normal  wood  and  compression  wood 
in  a  Parana  pine  board  is  shown  in  Fig.  1. 

Longitudinal  shrinkage  of  Parana  pine  was  deter¬ 
mined  for  specimens  approximately  1  inch  by  1  inch 
in  cross  section  cut  consecutively  across  boards. 
Some  of  these  boards  contained  compression  wood 
while  others  contained  practically  all  normal  wood. 
Based  on  soaked  length,  the  average  longitudinal 
shrinkage  of  compression  wood  specimens  was  0.55 
percent  compared  with  average  shrinkage  of  normal 
wood  of  0.14  percent.  Longitudinal  shrinkage  of 
compression  wood  varied  from  0.158  to  1.341  per¬ 
cent,  and  that  of  normal  wood  from  0.074  to  0.273 
percent.  The  exceptionally  large  variations  in 
shrinkage  of  compression  wood  were  related  to  the 
wide  variations  in  severity  in  the  forms  of  com¬ 
pression  wood,  which  ranged  from  borderline  forms 
that  closely  resembled  normal  wood  to  pronounced 
forms  with  readily  visible  abnormal  structure. 

Microscopical  examinations  made  on  samples  of 
Parana  pine  in  the  laboratory  and  ordinary  visual 

*  Browne,  F.  L.  Preservative  Treatment  for  Window 
Sash  and  Other  Millwork.  Forest  Products  Laboratory  Re¬ 
port  No.  919.  Revised  1945. 


examinations  of  lumber  at  millwork  plants  showed 
that  the  presence  of  compression  wood  was  closely 
associated  with  warping.  Pieces  of  lumber  that  were 
warped  frequently  had  compression  wood  on  the 
concave  side  and  normal  wood  on  the  convex  side 
of  the  curvature.  This  action  of  compression  wood 


Fig.  1. — Action  of  longitudinal  stresses  in  a  Parana 
pine  board  that  had  been  ripped  lengthwise;  the  board 
contained  both  normal  wood  having  'relatively  small 
shrinkage  and  compression  wood  having  exceptionally 
large  shrinkage  along  the  grain. 

of  Parana  pine  was  the  same  as  had  been  found  in 
native  species  of  softwoods.'*  The  tendencies  to 
cause  warping  increased  with  the  relative  amounts 
of  the  compression  wood  and  the  severity  of  its 
different  forms. 

Some  boards  contained  large  amounts  of  com¬ 
pression  wood,  mostly  near  one  surface  so  that  it 
caused  bowing  (Fig.  2).  In  other  boards,  relatively 
smaller  amounts  of  compression  wood  were  present, 
usually  in  streaks  that  included  certain  annual  rings 
(Fig.  3).  The  number  of  boards  that  contained 
compression  wood  varied  widely  in  the  lots  of 
lumber  that  were  examined.  Compression  wood  was 
found  in  about  one-fifth  of  the  boards  in  some 
samples,  whereas  in  other  samples,  it  was  present 
in  two-thirds  of  the  boards.  Such  wide  variations  in 
amounts  and  differences  in  severity  of  warping  of 

*  Pillow,  M.  Y.  Compression  Wood  Cause  of  Bowing 
and  Twisting.  Wood  Working  Industries.  November  1930. 
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Fig.  2. — Parana  pine  board  with  bowing  (left)  caused 
by  compression  wood  on  nearly  all  ef  the  entire  concave 
surface  (middle),  while  convex  surface  (right)  is  essen¬ 
tially  free  from  compression  wood. 


Fig.  3. — Pieces  of  Parana  pine  containing  streaks  of 
compression  wood  (indicated  by  arrows)  that  is  recog¬ 
nizable  from  its  deeper  color. 


the  compression  wood  resulted  in  wide  differences 
in  behavior  of  lumber  being  manufactured  for  mill- 
work  and  other  products. 

Some  air-dried  boards  were  observed  to  be 
warped  (Fig.  4),  but  much  of  the  rough  Parana 
pine  lumber  was  reasonably  straight  even  after  kiln 
drying.  Nevertheless,  when  such  lumber  was  ripped, 
many  of  the  pieces  from  boards  that  contained  com¬ 
pression  wood  were  severely  warped,  so  that  they 
were  not  usable  as  millwork  (Fig.  5).  Surfacewise 
bowing  or  edgewise  crooking  or  both  occurred  when 
some  boards  containing  much  compression  wood 
were  ripped  into  narrow  strips  (Fig.  6).  On  the 
other  hand,  only  some  of  the  pieces  ripped  from 
boards  with  small  amounts  of  compression  wood 
tended  to  be  warped  and  all  pieces  from  boards 
without  compression  wood  were  essentially  straight 
(Fig.  7).  These  observations  showed  the  close  rela¬ 
tionships  existing  between  the  presence  of  compres¬ 
sion  wood  and  warping  in  Parana  pine,  and  also 


between  increased  severity  of  warping  and  increased 
amounts  of  compression  wood. 

Kiln  Drying  of  Parana  Pine 

Kiln  drying  is  necessary  for  many  of  the  mill- 
work  uses  for  which  Parana  pine  is  being  imported. 
Much  of  this  lumber  has  been  received  in  this  coun¬ 
try  partly  air-dried  to  moisture  contents  of  15  to  25 
percent  of  the  oven-dry  weight;  however,  a  few  lots 
have  been  reported  to  include  some  boards  with  50 
to  70  percent  moisture  content. 

Parana  pine  seems  to  have  acquired  a  reputation 
for  being  more  difficult  to  kiln  dry  than  native  soft¬ 
wood  species.  This  reputation  appears  to  have  re¬ 
sulted  from  the  warping  in  some  boards  that  in¬ 
cluded  compression  wood.  Commercial  kiln  drying 
of  this  species  has  tended  toward  the  use  of  mod¬ 
erate  temperatures  in  an  effort  to  reduce  the  serious¬ 
ness  of  warping.  It  was  learned  that  some  Parana 
pine  has  been  commercially  kiln  dried  with  reason- 
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Fig.  4. — Air-dried  Parana  pine  board  showing  severe 
bowing  that  was  the  result  of  larger  amounts  of  com¬ 
pression  wood  on  concave  side  than  on  convex  side. 


ably  satisfactory  results  at  temperatures  of  150®  to 
170®  F.  (Table  2).  It  is  also  reported  that  the 

Table  2. — Schedule  Commonly  Used  for  Commercial 
Drying  of  Parana  Pine  Lumber 


Moisture  content 


From 

To 

Dry  bulb 

Wet  bulb 

Relative 

humidity 

Percent 

Percent 

OF. 

OF. 

Percent 

45 

40 

140 

132 

80 

40 

30 

145 

135 

75 

80 

25 

150 

137 

70 

25 

20 

155 

136 

60 

20 

15 

160 

135 

50 

15 

10 

165 

127 

35 

10 

Final 

170 

116 

20 

British,  who  have  used  this  wood  for  many  years, 
commonly  kiln  dried  it  at  even  lower  temperatures 
of  110®  to  135°  F.® 

Recent  work  was  done  at  the  Forest  Products 
Laboratory  on  the  effects  of  warping  in  Parana  pine 
lumber.  One  lot  of  partly  air-dried  boards  was  ex¬ 
perimentally  kiln  dried  at  moderate  temperatures 


‘Kiln  Drying  Schedules.  Leaflet  No.  42,  Forest  Prod¬ 
ucts  Laboratory,  Dept.  Sc.  and  Ind.  Res.  Princes  Risbor- 
ough.  December  1948. 


Fig.  5. — Serious  warping  in  pieces  of  Parana  pine 
ripped  from  a  board  with  a  large  amount  of  compression 
wood.  This  abnormal  wood  appears  as  the  dark-colored 
part  at  the  far  end  of  the  pieces. 


with  an  initial  dry-bulb  temperature  of  155®  F.  and 
a  final  temperature  of  170°  F.  (Table  2).  For  com¬ 
parison,  another  lot  of  end-matched  pieces  from  the 
same  2-inch  lumber  was  kiln  dried  at  higher  tem¬ 
peratures  with  an  initial  temperature  of  190°  F.  and 
a  final  temperature  of  200®  F.  The  total  time  in 
the  kiln  of  these  two  charges  included  time  for 
equalization  and  conditioning  to  relieve  case-hard¬ 
ening.  The  two  kiln-time  periods  were,  respectively, 
9^  days  for  the  pieces  dried  with  moderate  tem¬ 
peratures  and  days  for  pieces  dried  at  the 
higher  temperatures.  After  all  the  boards  were  kiln 
dried,  they  were  resawed  and  planed  on  both  sur¬ 
faces.  Examinations  were  then  made  to  compare  the 
amount  of  warping  in  the  two  lots  of  boards  that 
were  kiln  dried,  respectively,  at  moderate  and  at 
high  temperatures. 

Examinations  of  all  the  boards  showed  that  both 
lots  were  about  equally  free  from  transverse  case- 
hardening  stresses.  A  tendency  of  both  lots  to  cup 
slightly  after  being  seasoned,  however,  indicated 
that  the  conditioning  treatment  should  have  been 
continued  for  a  somewhat  longer  time.  Although 
slight  warping  occurred  in  certain  boards,  this  de¬ 
fect  was  equally  common  in  both  lots  and  was 
directly  related  to  the  incidence  of  compression 
wood. 
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content  of  40  percent.  If  the  stock  is  air  dried,  use 
an  initial  wet-bulb  depression  as  indicated  for  the 
average  moisture  content  of  the  stock.  For  example, 
if  the  average  moisture  content  is  23  percent,  the 
initial  wet-bulb  depression  is  20°  F.  for  1-inch 
stock  and  15°  F,  for  2-inch  stock. 

These  schedules  are  recommended  as  a  basis  for 
developing  a  time  schedule  which  can  usually  be 
used  for  kiln  drying  softwoods. 

Equalization  and  conditioning  treatments  are  fre¬ 
quently  given  in  the  final  stage  of  drying  to  reduce 
the  variation  in  moisture  content  between  boards,  to 
establish  a  uniform  moisture  content  within  each 
board,  and  to  relieve  case-hardening  stresses  in  both 
the  transverse  and  longitudinal  directions.  The  con¬ 
ditions  to  establish  within  the  kiln  during  these 
treatments  are  dependent  upon  the  final  moisture 
content  desired.  A  general  guide  for  equalizing  and 
conditioning  Parana  pine  is  as  follows: 

(1)  Dry  the  driest  sample  in  the  kiln  charge  to 
an  average  moisture  content  2  percent  below  the 
desired  final  average  moisture  content. 

(2)  As  soon  as  the  driest  sample  reaches  the 
value  specified  in  (1),  establish  an  equilibrium 
moisture  content  condition  in  the  kiln  equal  to  that 
value.  This  is  known  as  the  equalization  treatment. 

(3)  Allow  the  kiln  charge  to  equalize  until  the 
wettest  sample  in  the  charge  reaches  the  desired  final 
average  moisture  content. 

(4)  As  soon  as  the  wettest  sample  reaches  the 
value  specified  in  (3),  place  the  kiln  charge  on  a 
conditioning  treatment  at  an  equilibrium  moisture 


Fig.  6. — Warping  in  all  pieces  ripped  from  a  Parana  pine 
board  containing  a  large  amount  of  compression  wood. 


It  was  concluded  from  examination  of  the  boards 
in  these  experimental  kiln  runs  that  neither  kiln- 
drying  treatment  was  superior  to  the  other  with 
respect  to  warping.  This  work  confirmed  the  beliefs 
that  warping  was  directly  related  to  the  inherent 
large  shrinkage  along  the  grain  of  compression 
wood,  and  that  tendencies  of  certain  pieces  to  warp 
were  not  affected  by  kiln-drying  temperatures.  The 
use  of  relatively  high  temperatures,  nevertheless, 
had  the  advantage  of  shortening  the  time  required 
for  kiln  drying  Parana  pine  lumber.  There  was 
shown  to  be  a  need,  however,  for  equalization  in 
order  to  produce  uniformly  dried  lumber  and  for 
conditioning  to  relieve  transverse  case-hardening 
stresses.  This  need  is  apparent  even  though  these 
equalizing  and  conditioning  treatments  cannot  be 
expected  to  relieve  many  of  the  longitudinal  stresses 
that  are  caused  by  the  inherently  large  longitudinal 
shrinkage  of  compression  wood. 

A  recommended  schedule  of  high  temperatures 
has  been  developed  for  Parana  pine  for  the  purpose 
of  accelerating  kiln  drying  when  this  is  desirable. 
It  should  be  remembered,  of  course,  that  lower  tem¬ 
peratures  can  be  used.  The  schedules  in  Table  3  for 
accelerated  drying  are  taken  from  schedules  devel- 
ojjed  at  the  Forest  Products  Laboratory  in  1951.® 

When  the  stock  is  green,  the  first  change  in  the 
wet-bulb  depression  is  made  at  an  average  moisture 

•Torgeson,  O.  W.  Schedules  for  the  Kiln  Drying  of 
Wood.  Forest  Products  Laboratory  Report  No.  1791.  Feb¬ 
ruary  1951. 


Fig.  7. — Practically  straight  pieces  ripped  from  a  Parana 
pine  board  essentially  free  from  compression  wood 
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Table  3. — Accelerated  Schedules  Suggested  by  the  Forest  Products  Laboratory  for 
1-lNCH  AND  2-Inch  Green  and  Air-Dried  Stock 

Moisture  content  Wet-bulb  temperatures  Relative  humidity 

- - - —  Dry-bulb - - 

From  To  temperatures  1-inch  lumber  2-inch  lumber  1-inch  lumber  2-inch  lumber 

Percent  Percent  °F.  °F.  °F.  Percent  Percent 

For  green  stock 

Initial  40  180  170  173  79  85 

40  '  35  180  166  170  72  79 

35  30  180  160  165  62  70 

30  25  190  155  165  43  56 

25  20  190  140  150  28  37 

20  15  200  150  150  30  30 

15  Final  200  150  150  30  30 

For  air-dried  stock 

Initial  30  180  170  173  79  85 

30  25  190  176  180  73  80 

25  20  190  170  175  63  71 

20  15  200  165  175  44  57 

15  10  200  150  160  30  39 

10  Final  200  150  150  30  30 


content  of  2  to  3  percent  above  the  highest  desired 
final  average  moisture  content. 

(5)  Allow  kiln  charge  to  condition  until  the 
stock  is  free  of  case-hardening.'^ 

After  a  number  of  charges  have  been  satisfactorily 
kiln  dried,  equalization  and  conditioning  treatments 
can  be  put  on  a  standardized  time  basis. 

Detection  of  Compression  Wood 

Compression  wood  in  Parana  pine  can  be  de¬ 
tected  by  its  yellow  to  brown  color  in  contrast  to 
white  to  cream  color  of  normal  sapwood.  Compres¬ 
sion  wood  also  appears  to  be  denser  and  the  annual 
rings  appreciably  wider  than  adjacent  rings  of  nor¬ 
mal  wood.  Much  of  the  compression  wood  observed 
in  Parana  pine  at  millwork  plants  appeared  in 
streaks  that  were  readily  detected  on  surfaced  lum¬ 
ber  by  their  characteristics  of  color  and  texture 
(Fig.  3).  Warping  of  some  pieces  also  indicated 
the  presence  of  compression  wood  in  rough,  kiln- 
dried  lumber. 

Experience  has  shown  that  by  segregation  of 
bowed  and  crocked  rough  boards  after  kiln  drying 
the  remainder  of  the  lumber  when  ripped  into  nar¬ 
row  pieces  showed  only  slight  warping  in  a  rela¬ 
tively  few  pieces.  The  segregation  excluded  most 
of  the  pieces  with  large  amounts  of  compression 
wood,  and  the  excluded  material  was  usable  in  the 
form  of  small  pieces  in  which  some  warping  was 
not  a  serious  defect. 

The  characteristics  that  signify  the  presence  of 
compression  wood  in  Parana  pine  are: 

(1)  On  planed  surfaces  of  sapwood  in  boards, 
compression  wood  has  a  yellow  to  brown  color,  in 
contrast  to  white  or  cream-colored  normal  wood. 

(2)  In  heartwood,  differences  in  color  between 
compression  wood  and  normal  wood  are  small. 
Compression  wood,  however,  usually  is  deep  brown 
in  color,  while  normal  heartwood  is  grayish-brown. 

(3)  Compression  wood  tends  to  be  present  in 
certain  growth  rings  and  absent  in  adjacent  rings, 
so  that  streaks  of  this  abnormal  type  of  wood  and  of 

’Forest  Products  Laboratory  Technical  Note  No.  213. 


normal  wood  frequently  are  present  in  the  same 
board. 

(4)  Texture  of  compression  wood  appears  to  be 
harder  or  more  hornlike  than  that  of  normal  wood, 
and  the  growth  rings  of  compression  wood  are 
wider.  These  characteristics  are  seen  readily  on 
smoothly  cut  end  grain  of  Parana  pine  boards. 

(5)  Surfacewise  bowing  is  the  most  common  type 
of  warping.  It  can  be  seen  even  when  slight  by 
turning  boards  edgewise  and  sighting  along  the 
upper  edge  to  determine  whether  they  are  straight 
or  warped'. 

(6)  Edgewise  crooking  is  not  so  common  in 
partly  air-dried  lumber  as  it  is  in  kiln-dried  lumber. 
In  the  latter,  crooking  can  be  seen  by  sighting  along 
the  edges  of  boards  as  they  lie  flatwise  on  a  pile  of 
lumber.  Even  though  the  crook  is  less  than  an  inch 
in  a  16-  to  18-foot  board,  it  indicates  the  presence 
of  compression  wood. 

(7)  Relatively  long  splits,  1  foot  or  more  in 
length  in  comparison  with  shorter  end  checks,  are 
indications  that  compression  wood  is  present  in 
Parana  pine  boards  (Fig.  3). 

Inspection  of  parana  pine  for  compression  wood 
and  the  elimination  of  affected  boards  are  recom¬ 
mended  for  all  major  uses  of  this  species  of  wood. 
This  will  help  to  minimize  warping  in  boards  being 
used  for  millwork. 

The  lumber  should  be  examined  by  inspectors 
who  have  become  familiar  with  characteristics  of 
color,  texture,  and  the  action  of  compression  wood 
in  causing  warping.  These  examinations  can  be 
made  during  the  handling  and  grading  of  lumber, 
along  with  examinations  for  other  defects  not  per¬ 
missible  in  certain  kinds  of  millwork.  There  are 
limits  within  which  it  is  practical  to  detect  compres¬ 
sion  wood  in  Parana  pine  lumber.  Small  amounts 
of  compression  wood,  in  fact,  are  not  likely  to  cause 
serious  warping  in  finished  pieces  that  are  satisfac¬ 
torily  straight,  that  is,  straight  enough  so  that  they 
can  be  readily  assembled  as  sash,  frames,  or  trim. 
On  the  other  hand,  lumber  that  is  warped  badly 
when  it  is  ripped  is  impossible  to  use  satisfactorily. 


1951  ANNUAL  BUSINESS  MEETING 


The  meeting,  held  in  the  Betsy  Ross  Room  of 
the  Benjamin  Franklin  Hotel,  Philadelphia,  Penn¬ 
sylvania,  was  called  to  order  by  President  Hamilton 
at  8:30  P.  M.,  Tuesday,  May  8,  1951. 

1.  Minutes  of  Previous  Meeting 

Announcement  was  made  that  the  minutes  of  the 
preceding  annual  business  meeting,  held  in  Port¬ 
land,  Oregon  on  June  27,  1950,  had  been  approved 
by  the  Executive  Board  and  published  in  the  Pro¬ 
ceedings  of  the  1950  National  Meeting. 

2.  Report  of  the  Executive  Secretary 

During  the  fiscal  year  1950  the  net  paid-up 
membership  increased  from  2022  to  2178.  This  has 
been  increased  to  2267  as  of  May  1.  An  analysis 
of  members  by  types,  as  of  March  31,  breaks  down 
to  1867  voting  and  associate  members,  98  support¬ 
ing  members  and  213  student  members.  The  Society 
now  has  members  in  all  48  states,  all  possessions, 
Puerto  Rico,  all  provinces  of  Canada  and  25  foreign 
countries,  the  republic  of  Indonesia  being  the  latest 
foreign  country  added  to  the  roster. 

The  number  of  Sections  has  increased  from  10 
to  11  with  the  addition  of  the  Pacific  Southwest. 

During  the  1950  fiscal  year  the  National  Office 
underwent  several  major  changes.  Following  the 
resignation  of  former  Secretary-Treasurer,  Charles 
Van  Hagan,  George  M.  Hunt  served  temporarily  as 
Acting  Secretary-Treasurer  without  pay.  During  his 
several  months’  administration,  much  work  prepara¬ 
tory  to  the  1950  Annual  Meeting  and  Proceedings 
was  accomplished,  and  the  groundwork  laid  for 
gains  both  in  services  and  finances  which  were  sub¬ 
sequently  attained.  The  present  staff  and  Executive 
Board  join  the  Society  in  extending  their  grateful 
appreciation  for  this  guidance  to  Mr.  Hunt  and  his 
associates  in  the  U.  S.  Forest  Products  Laboratory. 

On  July  16,  1950  the  present  Executive  Secretary, 
Frank  J.  Rovsek,  officially  assumed  his  duties  in  the 
National  Office. 

Cash  on  hand  April  1,  1950  was  $14,965.05. 
Total  receipts  during  the  fiscal  year  1950  were 
$54,338.14.  Expenditures  were  $42,386.49.  Cash 
on  hand  at  the  end  of  the  fiscal  year  (March  31, 
1^51)  was  $26,914.70.  The  Society’s  income  was 
derived  principally  from  membership  dues,  publica¬ 
tions,  advertising  and  meetings.  The  principal  items 
of  expense  were  for  the  operation  of  the  central 
office,  including  salaries,  stenographic  service,  com¬ 
munications,  supplies,  travel  of  executive  officers 
and  publications. 

In  addition  to  cash  on  hand,  the  Society  has 
assets  of  $730.00  in  accounts  receivable  and 
$1,650.00  in  inventory  (equipment,  printed  matter 


and  stamps).  Also  on  hand,  conservatively  valued, 
are  3,500  copies  of  Volumes  1,  2  and  3  (total)  and 
1,436  copies  of  Volume  4,  plus  a  considerable 
quantity  of  reprints. 

3.  Auditor’s  Report 

The  auditor’s  report  for  the  period  April  1,  1950 
through  March  31,  1951  was  read  by  Chairman  L. 
Markwardt.  On  motion  duly  made  and  seconded,  it 
was  accepted.  It  was  also  moved,  seconded  and  car¬ 
ried  that  the  secretary  publish  future  reports  to  the 
membership  within  a  reasonable  period  prior  to  the 
Annual  Meeting. 

4.  Review  of  Section  Activities 

One  or  more  meetings  during  the  year  were  held 
by  10  of  the  present  11  Sections  of  the  Society.  The 
year  also  witnessed  the  largest-attended  Section 
meetings  in  FPRS  history,  with  upwards  of  400 
persons  attending  both  the  Midwest  Section  meet¬ 
ing  at  Rockford,  and  the  Northeast  Section  meeting 
at  Gardner  last  fall.  Our  newest  Section,  Pacific 
Southwest,  received  its  charter  during  the  year  and 
has  held  two  meetings  in  the  Los  Angeles  area. 
Our  former  Lower  Michigan  Section  has  been  ex¬ 
panded  in  its  scope  of  operations  and  re-named  the 
Great  Lakes  Section,  holding  a  very  successful 
meeting  this  past  month. 

Much  interest  is  being  displayed  in  the  establish¬ 
ment  of  a  potential  Section  to  serve  the  Ohio  Valley 
area  between  Louisville,  Cincinnati  and  adjacent 
wood  centers.  It  is  hoped  that  such  a  Section  will 
become  our  12th  during  the  1951  administration. 

Particularly  to  be  singled  out  for  outstanding 
Section  service  are  Northeast,  Virginia-Carolinas 
and  the  Midwest,  all  of  whom  have  published  Sec¬ 
tion  preprints  of  meeting  papers,  and  bound  Section 
proceedings  during  the  year,  a  service  which  in  the 
ensuing  year  will  become  available  to  all  of  our 
2,200  FPRS  members. 

In  summary  it  may  be  said  that  almost  without 
exception  our  1 1  Actions  have  made  splendid 
progress  in  meeting  activity,  attendance  and  mem¬ 
bership. 

5.  Report  of  the  Publications  Committee 

The  Committee  began  the  period  after  the  Port¬ 
land  meeting  without  the  services  of  its  chairman. 
Dr!  Frank  Kaufert,  who,  because  of  a  by-law  limit¬ 
ing  continuous  service  as  a  committee  chairman  to 
three  years,  had  to  retire.  We  gratefully  acknowl¬ 
edge  the  excellent  leadership  of  Dr.  Kaufert.  The 
rest  of  the  committee  remained  intact  and  the  new 
chairman  assumed  his  duties  on  October  1,  1950. 

Early  in  1950  the  Publications  Committee  recom¬ 
mended  to  the  Executive  Board  that  the  then  exist- 
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mg  arrangements  for  publication  be  continued  for 
the  time  being  rather  than  set  up  a  separate  Journal 
for  the  Society.  The  desirability  of  a  separate  publi¬ 
cation  was  recognized  by  all  members  but  it  was 
felt  that  until  our  membership  was  greatly  increased 
and  was  financially  able  to  assume  the  cost  of  such 
a  publication,  it  would  be  unwise  to  move  ahead  on 
this.  The  question  was,  however,  left  open. 

Last  October  your  Executive  Board  deemed  it 
advisable  to  expand  the  Society’s  publications  to 
include  a  News-Digest  and  an  All-Section  Proceed¬ 
ings.  Several  copies  of  the  monthly  News-Digest 
have  appeared  and  any  comments  from  the  mem¬ 
bership  will  be  welcomed.  The  second  unit  of  the 
expansion  program  has  not  yet  gone  to  press. 

At  present  we  are  reassessing  our  publication 
needs  and  objectives.  We  are  not  ready  now  to 
make  recommendations.  There  is,  of  course,  a  diver¬ 
sity  of  opinion  in  this  matter.  Suggestions  which 
you  may  wish  to  present  to  committee  members  will 
receive  thorough  consideration. 

The  procedure  used  in  handling  papers  for  the 
1951  Annual  Meeting  was  similar  to  that  for  the 
preceding  meeting  at  Portland  except  that  assign¬ 
ments  for  review  of  articles  were  made  on  an  indi¬ 
vidual  basis  rather  than  for  an  entire  session.  When 
necessary,  committee  members  enlisted  the  aid  of 
^cialists  in  a  particular  field.  Staff  members  of  the 
Forest  Products  Laboratory  were  especially  helpful 
in  this  regard  and  our  thanks  go  to  any  who  have 
assisted  us. 

Under  the  system  employed,  papers  received  by 
the  Executive  &cretary  at  Madison  are  sent  to  com¬ 
mittee  members  for  review  according  to  assignments 
pfeviously  agreed  on.  After  review  and  preparation 
of  recommendations  by  committee  members,  or  their 
colleagues,  papers  were  sent  to  the  chairman  for 
consideration  of  comments,  changes  and  recommen¬ 
dations  relative  to  acceptance,  and  then  returned  to 
Madison. 

The  principal  difficulty  in  this  present  setup  is 
the  failure  of  some  authors  to  meet  the  deadline  for 
receipt  of  their  papers.  In  fact,  about  15%  of  the 
papers  never  reached  the  chairman  because  they 
could  not  have  been  preprinted  in  time  for  the 
meeting. 

In  general,  the  caliber  of  the  papers  submitted 
was  good;  some  were  exceptionally  well  prepared. 
We  appreciate  any  extra  effort  made  by  authors  to 
ease  our  task  by  submitting  well  organized  and  well 
written  articles. 

Papers  were  carefully  reviewed  and  promptly 
handled  by  all  committee  members.  The  chairman 
of  your  committee  would  like  to  commend  all 
members  for  their  excellent  job  and  to  thank  them 
for  their  time.  Also,  the  committee  expresses  its 
appreciation  to  Mr.  Frank  Champion,  Mr.  Donald 
Coleman,  Professor  Roy  Carter,  and  to  Mr.  Frank 
Rovsek  who  aided  us  tremendously. 

Respectfully  submitted,  E.  A.  Behr,  J.  B.  Grant¬ 
ham,  R.  C.  Rietz,  F.  F.  Wangaard,  I.  H.  Isenberg, 
Chairman. 


6.  Report  of  the  Abstracting  Committee 

From  correspondence  received,  plus  statements  I 
have  had  from  members  of  the  committee,  it  is 
evident  that  many  of  our  membership  do  not  regard 
too  highly  our  present  Abstracting  service. 

I  have  given  this  matter  a  good  deal  of  thought. 
In  the  following  I  should  like  to  set  forth  a  6-point 
program  for  the  consideration  of  the  members  and 
Executive  Board. 

1.  That  a  call  be  issued  through  the  Monthly 
Bulletin  for  volunteers  to  abstract  for  the  Society 
and  that  such  volunteers  indicate  the  journal  or 
journals  available  to  them. 

2.  That  abstracts  rather  than  summaries  be  pre¬ 
pared  and  that  those  accepted  be  given  a  subject 
number  designation  and  indexed  in  a  manner  sim¬ 
ilar  to  the  system  employed  by  Biological  Abstracts. 

3.  That  these  abstracts  be  published  as  a  section 
of  the  Annual  Proceedings  where  they  will  be  in  a 
permanent  binding  and  thus  always  readily  access¬ 
ible. 

4.  That  the  abstracting  committee  consist  of  one 
man  from  each  region  and  a  chairman.  The  duties 
of  the  regional  representative  to  collect  and  if 
necessary  edit  abstract  prior  to  submission  to  the 
chairman  whose  responsibility  will  be  to  catalogue 
and  prepare  for  final  publication. 

5.  That  a  limited  amount  of  money  be  set  aside 
for  the  procurement  of  really  outstanding  journals 
not  otherwise  available. 

6.  That  certain  of  the  abstractors  be  associated 
with  research  laboratories  or  universities  having 
libraries  that  are  procuring  technical  bulletin  series 
from  the  research  centers  of  the  "wood  techno¬ 
logical  world.” 

Respectfully  submitted,  E.  S.  Harrar,  Chairman 
FPRS  Abstracting  Committee. 

Ensuing  discussion  developed  that  existing 
abstracting  services  are  superior  to  those  which  the 
current  limited  organization  of  FPRS  can  offer.  On 
motion  duly  made  and  seconded  the  report  was 
accepted  and  returned  to  the  committee  for  further 
study  and  recommendation. 

7.  Report  of  the  Membership  Committee 

As  authorized  by  the  Executive  Board  a  National 
Membership  Committee  has  been  formed.  It  is 
presently  composed  of  the  second  vice  president  of 
the  Society  as  chairman  and  a  representative  from 
each  Section  as  follows:  Pacific  Northwest — A.  C. 
Knauss;  Northern  California  —  J.  C.  Rowney; 
Pacific  Southwest — J.  R.  Barnes;  Inland  Empire — 
T.  C.  Spaulding;  Midwest — J.  J.  Allegretti;  Vir- 
ginia-Carolinas — R.  G.  Lenox;  Deep  South — W. 
Jeter  Eason;  Northeast — P.  H.  Graham;  Florida- 
Georgia-Alabama — B.  E.  Anderson. 

The  function  of  this  committee  is  to  coordinate 
all  membership  activities  of  the  Madison  office  and 
the  local  Sections.  They  are  to  work  directly  with 
the  Executive  Secretary  in  carrying  on  effective 
(Continued  on  pages  318,  319) 


Nails  and  Screws  in  Wood  Assembly  and  Construction 

E.  George  Stern,  Director,  Virginia  Polytechnic  Institute  Wood  Research 
Laboratory,  Blacksburg,  Virginia 


Such  information  on  the  efficiency  of  nails  and  screws,  as  is  summarized 
in  the  Wood  Handbook,  '•*  was  for  many  years  the  onlv  technical 
data  available  to  users  of  nails  and  screws.  In  many  instances,  this  source 
was  given  little  or  no  consideration;  use  of  nails  and  screws  was  based  on  ex¬ 
perience,  tradition,  and  convenience.'  Today,  however,  so  much  more  is 
known  about  this  field  of  fastening  that  anyone  who  doesn’t  use  the  avail¬ 
able  information  is  under  a  serious  handicap. 

The  old-time  attitude  on  the  part  of  nail  users  led  to  little  progress  in 
the  practice  of  fastening  with  nails  and  screws.  However,  eventually,  as 
the  result  of  the  progressive  outlook  and  ingenuity  of  a  few  forward-liking 
manufacturers,  a  new  industry  was  developed:  the  mass-production  of 
threaded  nails.  These  improv^  nails  have  in  many  cases  replaced  wood 
screws,  since  the  improved  nails  offer  the  advantages  of  common  plain- 
shank  nails,  and  approximate  the  holding  power  of  wood  screws.  By 
eliminating  a  considerable  number  of  pr^uction  and  service  problems 
encountered  with  common  nails  and  screws,  these  improved  fastenings  have 
given  new  impetus  to  certain  industries.  In  many  other  fields,  however, 
the  improved  nails  did  not  come  into  common  use  until  laboratory  and  field 
reports  revealed  that  the  improved  nails  result  in  a  better  product  and  in 
both  direct  and  indirect  savings. 

Nail  Design 

Although  the  common  plain-shank  nail  is  satisfactory  for  many  fasten¬ 
ing  purposes,  a  good  deal  of  study  has  been  directed  to  the  problem  of 
improving  its  efficiency  b>’  giving  attention  to  the  great  number  of  variables 
possible  in  nail  design  and  use.*^  However,  the  rnost  significant  recent 
advance  in  the  field  of  nailing  is  the  mass-production  of  threaded-shank 
nails,  which  was  followed  by  a  number  of  improvements  in  threaded-shank 
design. 

For  many  years  wire  nails  were  commonK  made  with  superficial  in 
dentations  or  “barbs”  along  the  nail  shank.  .Although  these  "barbed” 
nails  were  for  a  long  time  supposed  to  provide  increas^  holding  power  in 
comparison  with  plain-shank  nails,  full\  comparative  laboratory  data  indi¬ 
cate  that  this  is  only  the  case  under  certain  service  conditions.  'I'he  shallow 
indentations  of  the  “barbed”  nail  provide  a  surface  roughness  which  actually 
decreases  the  tight  contact  between  nail  shank  and  surrounding  wood. 
On  the  other  hand,  properly  designed,  comparatively  deep,  fully  annular  or 
helical  threads  along  the  nail  shank  provide  indentations  into  which  the 
forcefully-separated  wood  fibers  may  penetrate  and,  thus,  provide  l)oth 
frictional  resistance  and  shear  resistance  to  nail  withdrawal. 

If  the  shank  threads  are  properly  designed,  the  cantilevering  w<kxI 
fibers  slide,  during  nail  driving,  over  annular  thread  crests  (Fig.  1,  center) 
into  the  space  between  the  thread  crests  where  they  hold  the  nail  firmly 
since  they  cannot  slip  backward.  Thus,  only  if  forcefully  damaged  or 
decayed,  can  these  wood  fibers  give  way  to  the  thread  crests  which  are 
firmly  embedded  between  the  wood  fibers  during  nail  driving. 

In  the  case  of  the  properly  designed  helically  threaded  nail  shank  with  a 
long  lead,  or  large  helix  angle,  (Fig.  I,  left),  the  nail  turns  like  a  screw  dur¬ 
ing  nail  driving.  The  thread  crests  work  themselves  into  the  wood  by 
forming  a  thread,  thus,  allowing  the  nail  surface  to  slide  along  the  wood 
fibers  during  driving.  If  the  helically  threaded  nail  can  turn  backward 
freely,  the  friction  between  threaded  nail  shank  and  compressed  woofl 
'fibers  provides  the  resistance  to  axial  withdrawal.  If,  on  the  other  hand, 
the  properly  designed  helically  threaded  nail  with  long  lead  cannot  turn 
backward,  the  wood  fibers  which  cantilever  into  the  space  between  thread 
crests  must  be  damaged  or  must  deteriorate  in  order  to  decrease  the  nail- 
holding  power. 

A  relatively  new  thread  design  is  that  of  a  nail  having  short-lead  helical 
thread  roots  opposite  the  thread  crests  (Fig.  1,  right).  This  results  in  a 
uniform  cross-sectional  shank  area  along  the  threaded  shank  length,  hence, 
provides  minimum  cross-sectional  stress  variation  during  driving  and  while 
in  use.  Because  of  the  small  helix  angle,  this  nail  attains  its  withdrawal 
resistance  in  the  same  manner  as  does  the  annularly  threaded  type. 


Fig.  ta — From  left  to 
right.  4”  X  0.203"  helically 
threaded  Screwtite  nail, 
annularly  threaded  Strong¬ 
hold  nail,  and  helically 
threaded  Stronghold  Scrrui- 
nail,  twice  actual  size. 
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From  the  preceding  discussion,  it  follows  that  thread  design  is  of  prime 
importance  in  nail  efficiency.  If  the  threads  are  shallow,  they  may  be  less 
effective  than  if  they  are  deep.  On  the  other  hand,  a  nail  with  indentations 
too  deep  is  apt  to  buckle  during  driving  and  offers  little  resistance  to  shear 
and  bending  if  laterally  loaded.  Thus,  recent  investigations  indicate  that 
the  annularly  threaded  nail  shank  with  rounded  thread  roots  is  considerably 
more  effective  than  one  with  sharp  thread  roots.  Similarly,  a  helicalh' 
threaded  nail  shank  with  rounded  thread  roots  may  be  less  effective  than 
one  with  flattened  thread  roots.  The  latter  design  is  particularly  effective 
because  it  makes  possible  a  relatively  sharp  crest  angle  which  results  in  a 
sharp  thread  in  the  forcefully-spread  wood  fibers  and,  thus,  in  increased 
friction  between  wood  fibers  and  nail  shank. 

The  importance  of  the  properly  designed  thread  crest  led  to  the  intro¬ 
duction  of  annularly  threaded  shanks  with  primary  and  secondary  thread 
crests  (Fig.  1)  which,  if  of  proper  proportions,  are  the  reason  for  maximum 
holding  power  of  this  nail  type  among  threaded-shank  nails.  Both  the 
annularly  and  helically  threaded  nails  display  this  double-crest  design. 

A  slight  taper  of  the  threaded-shank  section  of  the  nail  (Fig.  2)  can 
considerably  increase  the  nail  efficiency  since  the  grip  of  the  thread  crests 
and,  consequently,  the  frictional  resistance  of  the  driven  nail  increases  with 
increase  in  nail  penetration.  This  taper  thread  is  applicable  to  both  the 
annularly  and  helically  threaded  nail-shank  designs,  and  promises  to  in¬ 
crease  the  use  of  threaded-shank  nails  to  a  considerable  degree.  This 
taper-threaded  nail  is  still  in  its  experimental  stage,  although  its  production 
methods  have  been  worked  out  with  a  minimal  increase  in  manufacturing 
cost. 

Threaded-shank  nails  may  be  provided  with  a  clearance,  that  is,  a  plain 
unthreaded  section  of  the  nail  shank  between  head  and  threads.  Since  no 
benefit  can  be  derived  from  threads  embedded  in  the  piece  of  material  to  be 
fastened,  the  length  of  the  clearance  may  be  of  the  thickness  of  that  member; 
or  a  little  longer  in  order  to  provide  a  full  nail-shank  section  where  maximum 
stresses  may  exist  during  use. 

A  threaded-shank  nail  with  proper  clearance  will  hold  the  member  to  be 
fastened  more  tightly  than  the  same  nail  with  no  clearance.  This  is  particu¬ 
larly  the  case  for  the  long-lead  helically-threaded  nail.  I  f  no  threads  engage 
the  wood  fibers  of  the  piece  to  be  fastened,  the  nail  can  freely  rotate  into 
the  wood  to  which  the  piece  is  fastened  and,  thus,  pull  the  two  pieces  more 
tightly  together.  Hence,  for  example,  the  unthreaded  portion  near  the 
head  of  a  long-lead  helically  threaded  nail  can  turn  freely  in  a  hardwood 
flooring  strip,  while  the  rest  of  the  nail  shank  threads  itself  into  the  soft¬ 
wood  sub-flooring.  Thus,  final  driving  of  the  threaded-shank  nail  with 
proper  clearance  can  pull  top-  and  sub-flooring  more  tightly  together  than 
is  possible  with  a  nail  threaded  throughout  its  shank  length. 

Nail  Manufacture 

Plain-shank  nails  are  manufactured  from  smooth  round  wire,  headed  and 
cut  on  nail  machines  on  a  continuous  production  basis.  Thread-rolling,  a 
separate  second  manufacturing  step,  involved  the  cold  working  of  these 
plain  shanks  when  rolled  between  dies  bearing  the  proper  impressions  to 
form  the  desired  threads. 

Nails  having  long-lead  grooves  on  the  shanks  can  be  made  from  smooth 
round  wire,  drawing  it  to  a  square  or  other  multi-sided  shape,  and  then 
twisting  the  wire  before  it  is  cut  into  nails.  Such  a  manufacturing  pro¬ 
cedure  results,  of  necessity,  in  a  twisted  and  grooved  nail  shank  all  the 
way  from  nail  head  to  nail  point,  and  excludes  the  desirable  clearance  be¬ 
neath  the  head.  Furthermore,  the  twisted  nail  cannot  be  made  with  a 
plain-shank  portion  above  the  nail  point,  often  required  as  a  pilot. 

Hardening  (comprising  heating,  oil-quenching,  and  tempering),  blueing,, 
hot-  and  electro-galvanizing,  electro-plating,  phosphate-dipping,  cement¬ 
coating,  bake-enamelling,  etching,  and  “barbing"  are  secondary  manu¬ 
facturing  steps  to  provide  the  nail  with  properties  that  satisfy  specific 
requirements.  **  Mass-production  procedures  must  be  employed  for  the 
above  purposes  in  order  that  the  nails  may  be  sold  in  a  broad  market.  In 
this  respect,  the  recent  introduction  of  semi-automatic  heating  and  temper¬ 
ing  facilities  for  nail  treatment  proves  to  be  a  considerable  advantage  in  the 
effort  to  satisfy  the  demand  for  hardened  nails,  such  as  helically-threaded 
flooring  nails,  fluted  concrete  and  masonry  nails,  and  for  nails  which  must 
be  driven  through  steel  plate  and  other  hard  materials. 


Fig.  2 — Experimental  x  0.091" 

helically  threaded  Taper  ScrewtUe  nail, 
five  times  actual  size. 


Nail  Performance 

The  principal  mechanical  properties  of  nails  of  interest  to  the  nail  user 
are  driving  resistance,  withdrawal  resistance,  and  lateral  load-carrying 
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capacity.  Creep  properties  are  of  major  importance  for  specific  fastening 
purposes.  Wood-splitting  characteristics  of  nails  often  govern  their 
selection. 

Of  considerable  influence  on  the  holding  power  of  nails  are  many  factors 
such  as  whether  the  nails  are  driven  into  green  or  air-dry  wood,  whether  the 
nails  are  loaded  immediately  after  driving  or  after  some  delay,  and  whether, 
if  the  test  is  a  delayed  test,  there  have  been  changes  in  the  moisture  con¬ 
tent  of  the  wood.  These  variable  factors  greatly  affect  and  decrease  the 
efficiency  of  plain-shank  nails  but  are  much  less  detrimental  to  the  holding 
power  of  threaded-shank  nails.* 

The  efficiency  in  nail-holding  power  is  influenced  to  a  considerable 
degree  by  the  difference  between  driving  into  side-grain  or  into  end-grain 
lumber.  '•'*  If  driven  parallel  to  grain  into  soft  wo^,  the  withdrawal  re¬ 
sistance  of  plain-shank  nails  is,  according  to  the  Wood  Handbook.  *  50  to 
75  percent  of  that  obtained  if  the  nail  is  driven  perpendicular  to  the  grain. 
On  the  other  hand,  in  very  dense  hardwoods,  the  resistance  to  withdrawal  of 
plain-shank  nails  is  affected  little  by  the  angle  at  which  the  nail  is  driven. 

The  ratio  of  axial  withdrawal  resistance  in  side-grain  southern  pine  to 
that  in  end-grain  southern  pine  of  20  and  10  percent  moisture  content,  re¬ 
spectively,  was  found  to  be  1.1  to  1  for  plain-shank  nails;  for  the  helically 
threaded  nails  tested,  it  was  1.2  to  1  and  for  the  annularly  threaded  nails 
tested  it  was  1.9  to  1.  Although  the  threaded  nails  showed  a  larger  per¬ 
centage  difference  in  withdrawal  resistance  in  the  end-grain  wood,  the  actual 
withdrawal  resistance  was,  at  all  times,  considerably  greater  than  that  of 
the  plain-shank  nails.  Thus,  in  side-grain  pine,  the  withdrawal  resistances 
of  the  plain-shank,  the  helically  threaded,  and  the  annularly  threaded  nails 
were  in  the  ratio  of  1  to  1.4  to  2.6;  while  in  the  end-grain  pine,  the  ratio  was 
1  to  1.3  to  1.6,  —  in  all  cases,  a  sizable  margin  in  favor  of  the  threaded-shank 
nails. 

Data  on  the  driving  and  holding  properties  of  nails  for  specific  uses  are 
presented  to  further  illustrate  the  advantage  of  use  of  threaded -shank 
nails  with  respect  to  holding  power.  It  may  be  noted  that  these  data  are 
directly  attributable  only  to  the  types  of  nails  tested  because  of  the  var¬ 
iations  is  design  of  nails  made  by  different  manufacturers.  Thus,  all 
data  presented  on  threaded-shank  nails  are  only  applicable  to  helically 
threaded  Screwtite  nails,  annularly  threaded  Stronghold  nails,  and  Strong¬ 
hold  Screwnails  with  a  small  helix  angle,  as  manufactured  by  the  Independ¬ 
ent  Nail  &  Packing  Company  of  Bridgewater,  Massachusetts. 

Comparative  test  data  on  driving  resistance,  immediate  and  delayed 
withdrawal  resistance  and  lateral  load-carrying  capacity  are  presented  in 
Tables  1  and  II  for  plain-shank,  helically  threaded  and  annularly  threaded 
general-purpose  nails  in  side-grain  green  and  air-dry  white  oak  and  beech, 
and  partially  air-dry  and  air-dry  southern  pine.  Nail  brittleness,  resulting 
from  the  heat-treating  procedures  employed  at  the  time  of  manufacture 
of  the  nails  used  for  these  particular  tests  in  1949,  was  the  cause  for  the 
large  number  of  nail-shank  failures  and  relatively  low  test  values  observed. 
The  improved  heat-treating  procedures  now  used  result  in  greater  load- 
cariy  ing  capacity,  especially  when  the  nail  is  stressed  in  bending  and  shear. 
.Also,  the  above  test  data  were  obtained  before  certain  improvements  in 
thread  design  were  introduced.  Since  such  improvements  resulted  in  10 
percent  average  increases  in  holding  power  for  the  helically  threaded  nails 
and  6  percent  average  increases  in  holding  power  for  the  annularly  threaded 
nails. .ndd'.lionai  increases  in  holding  power  can  justifiably  be  expected 
for  threaded-shank  nails  of  present  manufacture. 

A  typical  comparison  is  made  in  Table  III  of  the  effectiveness  of  2-}^" 
x  0.135"  low-carbon-steel  plain-shank  and  threaded-shank  general-purpose 
nails  driven  into  side-grain  air-dry  southern  pine,  white  oak,  and  beech. 

A  similar  comparison  is  made  in  Table  IV  for  or  1"  x  0.120"  bright- 
steel,  galvanized -steel,  and  aluminum-alloy  plain-shank  and  threaded-shank 
asphalt-roofing,  shingle,  and  siding  nails  in  southern  pine. 

A  further  comparison  is  presented  in  Table  V  for  1-5^"  x  0.083"  or 
0.098"  bright-finished,  electro-plated  or  hot-dipped  galvanized,  low-carbon- 
steel;  aluminum-alloy,  and  bronze,  plain-shank  and  threaded-shank,  wood 
shingle,  shake,  and  siding  nails  in  southern  pine. 

Table  VI  gives  comparative  data  on  nail-holding  power  of  1-}^"  or 
1-J4"  X  0.091"  plain-finished  and  blued  low-carbon-steel  plain-shank  and 
threaded-shank  gypsum-lath  nails  in  southern  pine. 

Similar  comparative  data  on  1-H”  x  0.091"  plain-finished,  metallic- 
finished,  and  bonderized  aluminum-alloy  plain-shank  and  threaded-shank 
gypsum-wallboard  nails  are  presented  in  Table  VII. 

Additional  comparative  resistances  to  axial  withdrawal  of  2-}^"  x  0.113" 
plain-shank  flooring  brads,  2-V^"  x  0.115"  flat  cut  flooring  nails  tapering 
from  a  maximum  width  of  0.321  in.  to  0.088  in.,  and  2-^6”  x  0.113"  helically 
threaded  flooring  nails  are  indicated  in  Table  VIII. 
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To  facilitate  a  comparison  of  nail-holding  power  in  the  somew’hat  lighter 
white  fir,  ^  axial-withdrawal  resistances  are  given  in  Table  IX  for  some  of 
the  above  nails  in  air-dry  white  fir  of  an  oven-dry  specific  gravity  of  0.37.  A 
direct  comparison  of  the  corresponding  data  for  nails  in  representative  air- 
dry  southern  pine  and  the  above  air-dry  white  fir  is  made  in  Table  X. 

Most  of  the  above  comparative  test  data  on  nail-holding  power  were  ob¬ 
tained  for  cylindrical  plain-shank  and  threaded-shank  nails,  with  their 
outermost  diameter  constant  along  the  shank.  The  recent  introduction  of 
the  tapered  threaded-shank  design  results  in  additional  increases  in  both 
axial-withdrawal  resistance  and  lateral  load-carrying  capacity  of  those 
threaded  nails  which  are  provided  with  a  properly  tapered  threaded-shank 
section.  Data  on  these  nails  for  the  various  applications  referred  to  above 
have  not  been  obtained  to-date;  however,  they  should  reveal  significant 
improvements  in  nail  efficiency. 

This  improvement  can  be  visualized  also  by  studying  the  dimensional 
instability  of  wood  over  a  period  of  time.  During  shrinkage  and  swelling  of 
wood  into  which  the  nail  is  driven,  the  wood  shrinks  or  swells  in  teth 
directions  from  the  mid-point  of  the  embedded  shank  of  the  plain-shank 
nail.  Similarly,  during  change  in  temperature  of  the  nail,  it  changes  its 
length  in  both  directions  from  the  mid-point  of  the  nail  hole  in  which  the 
plain-shank  nail  is  embedded.  On  the  other  hand,  the  threaded  shank 
nail  may  have  its  neutral,  that  is,  stationary  center  approximately  25  per¬ 
cent  of  the  length  of  the  embedded  shank  nearer  the  plank  surface  than  the 
plain-shank  nail.*®’*  A  further  shift  of  the  neutral  center  of  the  embed¬ 
ded  nail  shank  to  the  plank  surface  can  be  expected  for  the  tapered  threaded- 
shank  nail,  since  its  holding  power  per  unit  of  shank  length  increases  with 
increase  in  thread-crest  diameter.  Thus,  nail  creep,  resulting  from  small 
periodic  or  cyclic  changes  in  atmospheric  conditions,  specifically  from 
changes  in  humidity  and  temperature  and  the  resulting  unequal  dimensional 
changes  in  nail  shank  and  wood,  is  considerably  smaller  for  threaded-shank 
nails  than  for  plain-shank  nails  and  should  be  further  decreased  by  properly 
tapering  the  threaded-shank  nail.  Such  decreases  in  nail  creep  can  be  of 
considerable  importance  wherever  a  creeping  nail  results  in  decrease  in 
joint  effectiveness,  loose  joints,  marred  joint  appearance,  and  leakage,  and 
wherever  the  joint  efficiency  is  otherwise  detrimentally  effected  by  nail 
creep. 

Cumulative  outward  nail  creep,  resulting  frbm  cumulative  increases  in 
outward  creep  and  decreases  in  inward  creep  during  consecutive  repetitive 
exposure,*  is  the  reason  for  periodic  and  cyclic  increases  in  amount  of 
backing-out  or  popping  of  nails.  Because  of  the  fact  that  the  wood  fibers 
cantilever  into  the  threads  of  threaded-shank  nails  and  offer  resistance  to 
slipping  of  the  thread  crests  over  these  wood  fibers,  popping  of  threaded- 
shank  nails  is  seldom  observed. 

Splitting  of  wood  by  nails  can  be  eliminated  by  choosing  the  proper 
nail-shank  diameter  and  point,  by  retaining  a  sufficient  distance  between 
end  of  plank  and  nail,  and  by  pre-drilling  as  a  last  resort.  The  compara¬ 
tively  large  holding  power  of  threaded-shank  nails  often  allows  use  of  a 
threaded-shank  nail  with  smaller  shank  diameter  than  that  of  the  plain- 
shank  nail  providing  same  holding  power,  particularly  if  a  hardened  nail  is 
used.  Thus,  splitting  of  wood  can  often  be  prevented  by  choosing  the  most 
satisfactory'  nail.  Fully  comparative  data  on  non-splitting  properties  of 
nails  for  different  wood  species  and  plank  thicknesses  at  common  moisture 
contents  are  not  available.  A  detailed  basic  study  of  the  factors  involved  is 
justified. 


Clinching  and  Self-Clinching  Nails 

While  the  previously  described  nails  rely  on  frictional  or  a  combination 
of  frictional  and  shear  forces  for  their  holding  power,  they  may  also  be 
clinched,  that  is,  their  points  may  be  bent  over  to  increase  their  efficiency 
even  further.  Thus,  clinching  of  2"  x  0.135"  low-carbon  steel-wire  nails 
increased  their  withdrawal  resistance  immediately  after  driving  through 
side-grain  air-dry  southern  pine  65  percent  if  of  the  plain-finished  plain- 
shank  type,  45  percent  if  of  the  cement-coated  plain-shank  type,  100  per¬ 
cent  if  of  the  helically  threaded  type,  and  35  percent  if  of  the  annularly 
threaded  type.  Since  the  non-clinched  thread^-shank  nails  can  provide 
considerably  larger  holding  power  than  the  plain-finished  or  cement-coated 
clinched  plain-shank  nails,  clinching  of  plain-shank  nails  does  not  appear 
justified  if  threaded-shank  nails  are  available. 

Screw  Desl^ 

If  a  nail  is  properly  defined  as  “a  slender,  usually  pointed  and  headed 
fastener  designed  for  hammer-  or  machine-driving,"  a  wood  screw  is  “a 
relatively  heavy-gaugrf,  pointed  and  headed  fastener  designed  to  be 
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turned  by  a  screwdriver.”  In  its  simplest  standard  form,  the  wood  screw 
has  a  continuous  helical  short-lead  thread  around  a  slightly  tapered  shank 
from  which  it  projects.  The  thread-crest  diameter  is  that  of  the  plain- 
shank  section  between  head  and  threads,  with  the  thread-root  diameter 
being  relieved  (Fig.  3). 

.A  basic  improvement  for  wood  screws  is  the  use  of  parallel  twin  threads 
which  allow  faster  turning  into  wood  without  decreasing  holding  pow-er. 
Increase  in  thread-crest  diameter  beyond  that  of  the  plain-shank  section 
between  head  and  threads,  in  other  words,  relieved  shank  diameter  between 
head  and  threads  can  be  considered  another  important  improvement  in 
the  design  of  wood  screws,  since  such  wood  screws  offer  increased  holding 
f)ower.  If  manufactured  with  a  single  centered  point,  by  extending  the 
thread  to  the  tip  of  the  point,  the  wood  screw  is  more  likeh  to  turn  straight 
into  wood  than  otherwise.  Thus,  the  design  refinements  for  wood  screws 
result  in  a  better  product,  allow  faster  driving,  tighter  hastening,  and  fewer 
rejections. 

Screw  Performance 

The  aim  of  wood  screws  is  the  same  as  that  of  nails,  that  is,  to  fasten 
materials  together  with  maximum  holding  efficiency.  The  holding  prop¬ 
erties  of  common  standard  wootl  screws  in  the  commonly-used  wood 
s|H.*cies  have  been  extensiveh  investigated.  On  the  other  hand,  hold¬ 
ing  projierties  of  such  improved  wo^  sj'rews  as  the  recentb'  introducterl 
twin-threaded  wood  screws  (Fig.  3,  right)  in  commonh  used  wood  sjiecies 
are  not  yet  available. 

Nail  Performance  vs.  Screw  Performance 

.\  limited  number  of  full\  comi)arative  test  data  was  receTitly  obt.iiiietl 
on  the  efficiencN  in  holding  iK)wer  of  plain-shank  a  i.l  I  hreaderl-shank  nails 
and  standard  w(kk1  screws,  as  shown  in  Fig.  4. 

.Matchitl  quintu|)licate  tests  were  |K-rlorme<l  on 

(1)  2t'  -2.  3,  and  4-in.  long,  0.135,  0.148,  and  0.203  in.  wire-diameter, 
low-carlK)n-steel,  plain-finished  and  etc’i.-d  plain-shank,  plain- 
finishetl  helicalb  threaded,  and  plain-finii  tj  1  annularly  threadwl 
nails  with  diamond  points  and  Ig,  1,  a  i.l  l-Vg-in.  clearances, 
respectiveh ,  Iwtween  flat  heatls  and  rolk*  1-on  shapes.  The  heli- 
call\'  threaded  nails  were  providetl  with  a  6')-deg.  thread  sU)pe  aiul 
the  annularU  threaded  nails  with  a  0.)'a)-i:i.  center-to-center 
thread  spacing. 

(2)  Nos.  5,  6.  7,  ami  8.  that  is,  *4,  1,  1-)  2.  un  1  2-in.  long,  0.125,  0.138, 
0.151,  and  0.164-in.  wire-diameter,  low-ca'I):)  i-st-.vl  flat-head  w<kk1 
screws  with  5  32.3  16,7  16,  and  0  16-in.  cL*  ir.iiv.-*s.  respectively, 
iK-tween  slotted  heads  and  threads,  as  shown  i:i  Fig.  4. 

The  nails  were  hammer-driven  and  the  screws  were  turned  to  two-third 
shank  |x*netration  into  southern  (shortleaf)  pine  and  white  oak,  having  a 
moisture  content  of  10  -  11  percent,  and  into  beech,  having  a  moisture  con¬ 
tent  of  18  -  24  percent.  The  average  oven-dr\’  specific  gravities  of  the  test 
planks  were  0.52  -  0.56,  0.70,  and  0.63  -  0.74,  respectively,  for  the  above 
wo<k1  s|X‘cies.  The  woorl  screws  were  screwed  into  pre-bored  holes  of 
1  16-in.  diameter  for  Nos.  5,  6,  and  7  screws  in  pine,  of  5  64-in.  diameter 
for  No.  8  screw  in  pine  and  Nos.  5  and  6  st'rews  in  oak  and  beech,  and  of 
3  32-in.  diameter  for  Nos.  7  and  8  screws  in  oak  and  beech.  The  tests  were 
performed  for  axial-w  ithdrawal  resistance  and  lateral  load-carrying  capacit\ 
immediately  after  driving  according  to  previously  established  standards. 

The  average  test  data  are  jiresented  in  Table  XI.  The  average  axial- 
withdrawal  resistances  per  inch  of  shank  jienetration  are  plottetl  in  Fig.  5. 

•Acccmling  to  the  information  presented,  wood  st  rews  of  same  w  ire  diam¬ 
eter,  however,  with  a  64  percent  smaller  shank  penetration  than  plain- 
shank  nails  provide,  on  the  average,  a  16  percent  smaller  axial-withdrawal 
resistance  and  a  53  percent  smaller  lateral  load-carrying  capacity;  however, 
they  provide  a  124  percent  greater  axial-withdrawal  resistance  per  inch  of 
shank  penetration  in  the  three  wood  species  investigated.  In  comparison 
with  the  annularly  threaded  nails,  the  above  wood  screws  provide,  on  the 
average,  a  46  percent  smaller  axial-withdrawal  resistance  and  a  60  percent 
smaller  lateral  load-carrying  capacity  for  the  respective  two-third  shank 
penetrations;  however,  they  provide  a  43  percent  greater  axial-withdrawal 
resistance  per  inch  of  penetration. 

Fully  comparative  supplementary  quintuplicate  tests  were  performer!  on 
the  axial-withdrawal  resistance  of  the  above  .No.  6  wood  screw  and  2-}^2"  x 
0.135"  low-carbon-steel  plain-finished  plain-shank  nails  and  cylindrical  and 
tapered  threaded  nails  shown  in  Fig.  6.  These  fasteners  were  embedded  to 
two-third  shank  penetration  in  Douglas  fir  of  an  oven-dr>  specific  gravitx  of 


Fig.  .1 — Left,  No.  16 — 1^"  x  0.267" 
standard  wood  screw,  2'/^  times  actual 
size.  Note,  maximum  crest  diameter 
is  that  of  shank  along  clearance;  eccen¬ 
tric  point.  Right,  I"  x  0.21.S"  Twin- 
fast  wood  screw  with  slotted  and  oval 
head,  21^  times  actual  size.  Note, 
parallel  twin  threads;  relieved  shank 
diameter  along  clearance;  concentric 
point. 


Fig.  4 — From  left 
to  right.  No.  8 — 2" 
X  0.164".  No,  7  — 
114"  X  0.1. SI",  No. 
6 — I "  X  0.1,18  ',  and 
No.  5  —  *4"  X 
0.125"  standard 
wtxxf  screws  after 
axial  withdrawal 
from  .southern  pine, 
twice  actual  size. 
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0.51  and  a  moisture  content  of  10  percent.  The  above  wood  screw,  with  a 
2  percent  larger  shank  diameter  and  a  60  percent  smaller  shank  penetration, 
provided  a  54  percent  larger  axial-withdrawal  resistance  than  the  above 
plain-shank  nail  and  a  50  and  48  percent,  respectively,  smaller  axial-with¬ 
drawal  resistance  than  the  cylindrical  and  tapered  threaded  Stronghold 
Screwnails.  Hence,  the  axial-withdrawal  resistance  per  inch  of  penetra¬ 
tion  of  the  wood  screw  was  235,  26,  and  18  percent,  respectively,  larger  than 
those  of  the  plain-shank  nail  and  the  cylindrical  and  tapered  threaded- 
shank  Stronghold  Screwnails. 

While,  the  wood  screws  of  similar  shank  diameter,  however,  smaller  shank 
penetration  than  the  tested  nails  offered  a  smaller  resistance  to  axial  with¬ 
drawal,  they  offered  a  greater  resistance  per  inch  of  shank  penetration  than 
the  threaded-shank  nails.  Thus,  the  axial-withdrawal  resistance  per  inch 
of  penetration  of  the  wood  screw  was,  on  the  average,  43  percent  greater  than 
that  of  the  Stronghold  nail  in  southern  pine,  white  oak,  and  beech;  and  26 
percent  greater  than  that  of  the  Stronghold  Screwnail  and  18  percent  greater 
than  that  of  the  Taper  Stronghold  Screwnail  in  Douglas  fir. 

Hence,  threaded-shank  nails  can  be  considerably  more  efficient  with 
respect  to  holding  power  than  shorter  wood  screws  of  same  wire  diameter. 
On  the  other  hand,  wood  screws  offer  greater  holding  power  per  inch  of 
penetration  than  any  of  the  tested  nails. 

The  gap  between  the  efficiency  of  wootl  screws  and  nails,  however,  has 
been  narrowed  considerably  with  improvements  in  design  of  threaded-shank 
nails.  Thus,  the  withdrawal  resistance  per  inch  of  shank  penetration  of  the 
Taper  Stronghold  Screvmail  tested  was  only  18  percent  smaller  than  that 
of  the  wood  screw  made  of  wire  of  2  percent  larger  diameter.  Further 
investigations  as  to  optimum  taper  and  improvements  in  thread  design  may 
make  it  possible  to  approximate  even  more  nearly  the  holding  power  of 
wood  screws. 

Since,  .according  to  j^reviously  discussed  data,  clinching  may  increase 
the  axial-withdrawal  resistance  of  the  anularh  threaded  nails  in  southern 
pine  as  much  as  35  percent,  it  can  be  assumed  that  a  similar  increase  in 
holding  power  per  inch  of  penetration  of  the  clinched  Stronghold  Screwnail 
would  surpass  the  holding  power  per  inch  of  penetration  of  wood  screws 
of  same  diameter.  Directly  comparative  test  data,  however,  have  not 
been  obtained  to-date. 

ECONOMIC  ASPECTS 

Manufacturing  Cost  of  Threaded-Shank  Nails  and  Wood  Screws 

.A  cost  comparison  of  plain-shank  and  threaded-shank  nails  must  take 
into  account  that  thre.iding  is  a  second  manufacturing  step  in  nail  pro¬ 
duction,  which  increases  the  cost  of  the  threaded-shank  nails  in  comparison 
with  that  of  the  plain-shank  nails.  On  the  other  hand,  this  increased  cost, 
on  the  average,  amounting  to  60  percent  over  the  cost  of  the  plain-shank 
nails  used  in  building  construction,  can  result  in  considerable  product 


FIr.  6 — From  left  lo  right,  tested  2Vi" 
X  0.1,15"  plain-shank  nail,  Slronr,hold 
Screwnail,  and  Taper  .Stronghold  .Screw- 
nail,  twice  actual  size. 
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Fig.  5  —  Axial  withdrawal  resistance  of  nails  and  wood  screws  in  3  species. 
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Fig.  7 — Klectro-plated  ®)t''  x  0.120" 
Stronghold  Screwnail  with  slotted  and 
oval  head,  replacing  wood  screw  for 
fastening  Venitian  blinds,  five  times 
actual  size. 


improvement  and,  in  some  cases,  can  cut  total  costs.  In  many  cases,  it  is 
possible  to  decrease  the  number  of  nails  used  because  of  the  increased  hold¬ 
ing  power  of  threaded-shank  nails  in  comparison  with  that  of  plain-shank 
nails.  Under  such  conditions,  the  actual  cost  difference  for  threaded-shank 
nails  used  is  less  than  that  given  above. 

In  the  case  of  flooring  and  stair-tread  nails,  the  helically  threaded  nails 
can  replace  twice  as  many  cut  flooring  nails  on  a  weight  basis  alone,  with¬ 
out  regarding  the  better  performance  of  the  threaded  nails.  Such  replace¬ 
ment  results  in  an  actual  purchase-cost  saving  of  28  percent,  while  the  laid 
floor  and  staircase  is  of  superior  quality. 

A  comparison  of  the  present  cost  of  threaded-shank  nails  and  wood 
screws  to  the  jobber  provides  a  means  of  examining  the  direct  economy 
involved  in  the  purchase  of  threaded-shank  nails  and  wood  screws  for  wood 
assembly  and  construction.  Thus.  e.  g.,  a  x  0.120"  threaded-shank 
nail  with  323  nails  per  pound,  costs  $19.25  per  100  pounds  or  SO. 596  per 

I, (X)0  nails.  A  same-size  wood  screw  costs  S2.18  per  1,000  screA'3.  Hence, 
the  cost  ratio  to  the  jobber  of  threaded-shank  nails  to  same  size  w  xxl  screws 
is  1  to  3.66.  In  other  words,  the  wood  screw  is  3-^  times  more  exp)ensive 
than  the  threaded-shank  nail. 

.A  po^ibly  more  valuable  comparison  is  made  by  presenting  data  on 
the  holding  power  of  threaded-shank  nails  and  wood  screws  in  pounds  per 
dollar.  I'sing  the  above  cost  data  and  the  presented  ratio  of  axial-with¬ 
drawal  resistance  per  inch  of  penetration  of  Stronghold  Screwnails  and 
wood  screws  of  similar  wire  size  of  1  to  1.26,  the  ratio  of  holding  power  in 
pounds  per  dollar  of  the  above  nail  and  screw’  amounts  to  1  to  2.90.  Hence, 
the  cost  of  the  wood  screw  with  respect  to  holding  power  is  almost  three 
times  that  of  the  threaded-shank  nail. 

The  above  ratios  vary,  of  course,  with  the  efficiencies  of  nails  and 
screws  of  different  sizes  in  different  wood  species  under  different  use  con- 
<lictions,  thus,  must  be  weighed  in  light  of  the  presented  date. 

Information  on  the  comparative  cost  of  threaded-shank  nails  in  actual 
replacement  of  wood  screws  may  be  of  interest.  Thus,  e.  g.,  a  manu¬ 
facturer  of  X’enetian  blinds  recently  purchased  two  million  Stronghold 
Screwnails,  as  shown  in  Kig.  7,  for  60  percent  of  the  cost  of  wood  screws 
previousb  usetl  b\  him. 

Application  Efficiency  of  Threaded-Shank  Nails  and  Wood  Screws 

On  the  average,  approximately  15  to  20  percent  more  energy  is  required 
to  drive  threaded-shank  nails  than  plain-shank  nails.  This  small  increase 
in  driving  resistance  is,  however,  accompanied  by  12  to  760  percent  in¬ 
creased  axial-withdrawal  resistance  and  3  to  100  percent  increased  lateral 
load-carrying  capacitx  according  to  the  test  data  presented  in  Tables  I  and 

I I.  Considering  the  product  improvement  and  the  possibility  that  a  smaller 
number  of  smaller-size  threaded-shank  nails  than  plain-shank  nails  may  be 
needed  to  fulfill  the  fastening  requirements,  the  small  increase  in  required 
energ\’  for  driving  threaded-shank  nails  is  insignificant.  If  the  nails  are 
machine-driven,  as  is  the  case  under  mass-production  procedures,  the  in¬ 
creased  energy  requirements  are  negligible. 

Similarly  clinching  of  nail  points  results  in  increased  production  cost 
which  may  not  be  justified  when  unclinched  threaded-shank  nails  can  per¬ 
form  a  better  service  than  clinched  plain-shank  nails.  Clinching  may  not 
only  increase  the  cost  of  labor,  it  also  increases  the  cost  of  the  nail  because 
of  the  required  increase  in  nail  length  for  clinching  purposes.  Furthermore, 
clinching  may  be  undesirable  because  the  exposed  parts  of  the  nail  may  be 
the  cause  of  complaints  and  ma\  result  in  unsightly  appearance.  On  the 
other  hand,  clinching  of  threaded  nails  may  be  fully  justified  when  holding- 
power  requirements  call  for  such  increase  in  withdrawal  resistance  as  can 
be  provided  b\  clinching  threaded-shank  nails. 

While  nails  are  hand-  or  machine-hammered  into  wood,  wood  screws 
may  be  hammered  only  initially  and  finally  must  be  turned  into  wood  with 
either  a  hand-  or  machine-screwdriver.  In  the  case  of  either  hand  or 
machine  operation,  the  time  required  for  hammering  is  considerably  shorter 
than  that  for  screwing. 

Pre-drilling  of  a  pilot  hole  for  nails  is  the  exception  rather  than  the  rule 
and  often  may  be  avoided  even  for  hardwood  assembly  by  using  heat- 
treated  high-carbon-steel  nails.  On  the  other  hand,  pre-drilling  of  a  pilot 
hole  for  the  insertion  of  wood  screws  is  usually  taken  for  granted  for  reasons 
of  production  efficiency  and  because  of  the  danger  of  twisting  the  screw 
shank  if  the  screw  is  turned  into  wood  by  excessive  force. 

The  time  and  cost  involved  in  drilling  pilot  holes  for  wood  screws  must, 
of  course,  also  be  given  consideration  when  determining  the  final  cost  of 
threaded-shank  nails  versus  that  of  wood  screws.  Thus,  it  has  been  pos¬ 
sible  for  some  boat  builders  to  reduce  their  labor  cost  alone  25  jiercent  b\' 
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replacing  wood  screws  with  annularly  threaded  Anchvrfast  nails,  the 
Monel  equivalent  of  the  annularly  threaded  nails,  for  fastening  hull  planking. 

Product  Improvement  by  Replacement  of 
Plain-Shank  Nails  with  Threaded-Shank  Nails 

While  a  smaller  number  of  smaller-size  threaded-shank  nails  may  provide 
the  same  holding  power  as  that  of  plain-shank  nails  previously  used,  the 
benefit  of  threaded-shank  nails  becomes  most  outstanding  wherever  plain- 
shank  nails  provide  insufficient  holding  power  and  profierly  threaded  nails 
offer  the  answer  to  the  fastening  problem. 

Gold  miners  in  California  report  that  sluice  boxes,  water  troughs,  and 
concentrate  tables  while  leaking  lost  over  12-V^  percent  of  the  gold  through 
cracks  when  the  wooden  assemblies  were  built  with  plain-shank  nails.  On 
the  other  hand,  these  wooden  containers  have  remained  in  satisfactory  and 
tight  condition  whenever  assembled  with  threaded-shank  nails. 

While  fruit-picking  lugs  have  had  a  normal  service  life  of  7  to  8  years  if 
assembled  with  plain-shank  nails,  the  use  of  threaded-shank  nails  has 
extended  their  life  2  to  3  years  longer. 

Bottle  cases,  lobster  p)Ots,  worxlen  flumes,  ch'cken  coops,  collapsible 
chicken  crates,  feeding  trays,  hog  pens,  brooder  houses,  mushroom  flats, 
seed  flats,  cold  frames,  greenhouse  benches,  pickling  vats,  water  tanks,  cool¬ 
ing  towers,  tobacco  barns,  boats,  industrial  trucks,  truck  bodies,  and  freight 
cars  have  provided  longer  and  more  satisfactory  service  if  assembled  with 
properly  threaded  nails  than  with  plain-shank  nails  or  wood  screws,  since  the 
latter  fastenings  may  back  out  as  a  result  of  creep  or  because  of  prevailing 
vibration.  Culverts,  bridges,  wharves,  docks,  piers,  and  boardwalks 
exposed  to  continuous  and  extreme  changes  in  moisture  content  of  their 
wood  are  apt  to  fail  as  a  result  of  excessive  popping  of  nails  if  properly 
threaded  nails  are  not  used  for  their  assembly.  Bridge  planking  had  to  be 
re-nailed  every  six  months  to  eliminate  the  danger  resulting  from  popped 
plain-shank  nails,  until  threaded-shank  nails  provided  the  required  service. 
Such  damage  resulting  from  popped  plain-shank  nails  is  particularly  impair-  ^ 
ing  if  road  planking  at  railroad  grade  crossings  is  fastened  to  railroad  ties 
with  plain-shank  nails,  since  the  popped  nails  play  havoc  with  automobile 
tires.  This  planking  must  be  fastened  flexibly  to  allow  tie  movement  and 
on  a  temporary  basis  to  make  possible  economical  periodical  tie  replace¬ 
ment.  Threaded  nails,  spikes,  and  drift  bolts  provide  such  flexible  and 
temporary  means  of  fastening  for  this  road  planking. 

Bump  tests  on  boxes  revealed  that  identical  boxes  assembled  with 
cement-coated  plain-shank  nails  withstood  8  bumps,  if  assembled  with 
the  helically  threaded  nails  withstood  24  bumps,  and  if  assembled  with 
the  annularly  threaded  nails  withstood  30  bumps  before  failure  was  observed. 

I'se  of  wooden  pallets  would  be  uneconomical  if  they  w'ere  not  assembled 
with  threaded-shank  nails.  On  the  other  hand,  because  of  the  construction 
features  made  possible  by  the  availability  of  threaded-shank  nails,  they  are 
in  such  common  use  that  they  are  mass-assembled  with  Stronghold 
Screwnails  at  a  rate  of  one  a  minute  by  a  single  pallet  manufacturer 
among  many. 

In  the  construction  of  bowling  alleys,  use  of  threaded-shank  nails  is  a 
must  to  ascertain  permanently  tight  flooring.  Fully  satisfactory  use  of 
hickor>-  for  flooring  purposes  would  be  “unthinkable"  without  laying  it 
with  heat-treated  thread^  flooring  nails.  Fastening  underlay  for  linoleum 
with  plain-shank  nails  may  result  in  their  showing  through  the  linoleum 
several  months  after  laying  because  of  nail  creep,  while  threaded-shank 
nails  remain  tight  in  the  sub-flooring,  thus  do  not  mar  the  linoleum. 

In  the  assmebly  of  case  goods,  especially  of  unbalanced  construction, 
the  large  holding  power  of  threaded-shank  nails  may  result  in  a  tight  joint 
which  previously  never  could  be  fully  accomplished  under  extreme  exposure 
conditions  in  adverse  surroundings  during  service. 

Unsheathed  house  frames  were  found  to  be  4.6  to  5.7  times  as  strong  if 
assembled  with  the  annularly  threaded  nails  than  identical  frames  assembled 
with  same  size  plain-shank  nails.  Weak  wood  species  may  be  up-graded 
by  using  threaded-shank  nails,  since  the  assemblies  generally  are  only  as 
strong  as  their  joints  and  since  properly  threaded-shank  nails  considerably 
improve  joint  strength. 

Decrease  in  Assembly  Cost  by  Replacement 
Of  Screws  with  Threaded-Shank  Nails 

While  the  product  may  be  improved  by  replacement  of  plain-shank 
nails  with  threaded-shank  nails,  the  product  may  be  manufactured  more 
economically  without  decreasing,  and  even  sometimes  increasing,  its  quality 
by  replacing  wood  screws  with  threaded-shank  nails. 

The  world’s  fastest  boat,  nailed  together  with  Anchorfast  nails,  ran 
as  fast  as  160  miles  per  hour  without  even  showing  any  cracks  of  her  varnish 
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at  the  planking  joints.  Such  a  feat  was  accomplished  with  a  boat  assembled 
with  a  labor  saving  of  25  percent  by  replacing  wood  screws  with  threaded- 
shank  nails. 

Assembly  of  toys,  wooden  ware  for  bakers  and  confectioners,  typewriter 
cases,  office  and  typewriter  desks,  folding  tables,  upholster^'  frames,  day 
beds,  novelty  furniture,  baby  carriages,  boxes,  crates,  and  other  containers; 
fastening  of  broom  and  shovel  handles,  metallic  bindings,  Venetian  blinds 
and  awnings,  trim  and  mouldings,  car  linings,  and  window  and  door  sash 
with  threaded-shank  nails  instead  of  wood  screws  “has  cut  production  cost 
tremendously”  and,  in  many  cases,  increased  their  useful  life. 

Use  of  fluted  masonry  and  concrete  nails  has  made  pKjssible  the  elimina¬ 
tion  of  both  pre-drilling  and  the  use  of  machine  screws  in  expansion  shields. 
The  economy  involved  in  fastening  conduits  and  pipe  hangers  to  walls  and 
ceilings  with  such  fluted-shank  nails  is  far  reaching  whenever  the  use  of 
these  nails  becomes  more  prevalent  than  is  the  case  today. 

OUTLOOK 

Considerable  progress  has  been  made  in  the  design  and  manufacture  of 
nails  and  wood  screws.  Important  knowledge  has  been  obtained  with 
respect  to  their  efficiency.  The  use  of  threaded-shank  nails  has  increased 
to  such  a  degree  that  manufacturing  capacity  for  these  nails  had  to  be 
increased  to  several  times  of  that  available  before  and  during  World  War  II. 
The  demand  for  these  improved  nails,  however,  calls  for  further  increase  in 
their  production. 

On  the  other  hand,  relatively  little  is  known  about  these  improved 
fasteners.  The  investigations  made  to-date  could  only  cover  the  immediate 
aspects  and  problems  in  this  field  of  fastening.  Such  propositions,  as  the 
use  of  a  small  taper  along  the  threaded  shank,  result  in  new  possibilities 
which  ma\  solve  many  fastening  problems,  hitherto  not  solved  or  not  solved 
economically. 

While  few  studies  on  nails  and  screws  in  wood  assembly  and  construction 
were  made  a  few  years  ago,  numerous  investigations  are  underway  on  be¬ 
half  of  nail  and  screw  manufacturers  and  wood  users  at  this  time.  The 
continuity  of  such  investigation  is  ascertained  thanks  to  the  foresight  of  the 
Independent  Nail  &  Packing  Company  of  Bridgewater,  Massachusetts,  a 
pioneer  in  this  field  of  endeavor  and  sponsor  of  such  investigations  which 
have  resulted  in  most  of  the  presented  data. 
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T4bU  11 

Grand  Avaragaa  for  Maiehod  Doeu^Io  Taata  on  Driviaf  Eoalaianeo  and  Lalajrad  Hlthdraaal  Eoaiataneo 
And  for  Saxiuplo  Taata  on  Dalajrod  Lataral  Loan -Carry  ini  Capacity 
Cf  Plaln-Aaak»llalleal^  Ihraadad*  and  Annularljr  Thraid:4  Malla 
In  Alr-Ory  Mtlta  Oak.  Boaeh,  and  Southern  Tollou  Pine 
With  Balia  for  Taata  on  Withdrawal  Raalatanea  and  Lataral  Load^arrylnp  Capacity 
Drlaan  Into  Groan  White  Oak.  Graan  Beach,  and  Partially  Alr-Ory  Southern  Tallow  Pine 


LC  •  LoieCaTton  Steel 
HC  •  Hl#>^arten  Steal 
■I  ■  Bon-Bardoned 
H  •  Hardened 
BC  •  Bon-Coated 
CC  •  Cwwnt  Coated 
D  •  Dlnaend  Point 
V  •  T  Point 
P  •  Pilot 
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ikverafa  Effaetlvanaaa  of  2-1/2"  x  0.1?5"  l.ow-C>>rboi*-Stoal 
Plain-Shank  and  Thraaded-Shank  Ganaral-Purpoaa  Malla  in 
Sldo-Craln  Southam  Pina 


Crlvan 

Tested 

Mall  Property 

Plain 

Shank 

Helically 

Thraadad 

Scrawtlta 

annularly 

Threaded 

Stronghold 

Mhen 

In  Southam  Pine 

hail 

NaU 

NaU 

Partially 

P*rti«lly 

ViithdrawaX  Kasi^t^Jice 

Pounds 

264 

PareaBt 

*  25 

Farcant 

*U4 

Air-Cry 

Alr-I-ry 

Lateral  Load-Carrylnf  Capacity 

JOO 

*  50 

*  24 

Partially 

Mx-l/ry 

Lelayed  althdra'val  Resistance 

77 

*190* 

*591* 

Air-Dry 

Delayed  Lata  Load-Carryinr  Capacity 

415 

*  76 

*  40 

*Por  7-1/2*  X  0. 120"  halieall;/  thraadad  Serantlta  and  annularl/  thraadad 
Stronfdiold  hardanad  hlph-earbon-alaal  nalla,  theaa  aaluea  ineraaaa  to  *1122 
p-rcant  and  *673  pareant,  raapactlvaly ,  bayonc  tha  coi-raapondlns  value  of 
JO  lb.  for  tha  plaln-ahank  non-haroaned  low-c-rbon-vte'el  nail. 


Table  IV 


Avarara  bffaetlvanaas  of  7/8"  or  1"  x  0.120"  Plain-Shank  and 
Thraadad-Shank  aa-haltrRooflna.  Shlnxla.  ano  Slolnx  Naila  In 
Slda5»raIn"Mr3i^3ouUi5imna~^^^^^ 


Helically 

Annularly 

Hall  Property 

Plain 

Threaded 

Thraadad 

In  Alr-Bty 

Nall 

Shank 

Scrowtita 

Stron^Mld 

Southern  Pina 

Nall  Hatal 

Length 

Nall 

Nall 

Nall 

Inehea 

Founoa 

Parent 

Parent 

Withdrawal  Kaalstanea 

Brlfht  Steal 

7/8 

108 

*23.1 

•45.4 

1 

97 

*63.9 

*69.1 

Calvanltad  Steel 

7/8 

127 

*15.0 

*26.3 

1 

112 

*27.7 

*50.9 

Aluadnun  Alloy 

7/8 

100 

*27.0 

*33.0 

1 

102 

*36.3 

*60.8 

Avarapa 

*32.2 

*47.7 

Lateral  Load-Carrylnp 

Bright  Steal 

7/8 

232 

*36.2 

*  6.5 

Caoaclty 

1 

230 

*21.4 

*17.7 

Calvanltad  Steal 

7/8 

’74 

*10.7 

-  3.2 

1 

m 

*14.3 

*  5.1 

Alunlnun  Alloy 

7 '8 

199 

*29.6 

*20.1 

1 

209 

*29.2 

*10.0 

Avaraga 


*23.6 


*  9.4 
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AVOTM*  of  1-JA*  *  0.0«3*  or  0.0»**  floln-ShwH 

»o  fhroo0o<l.3hortrwog|^itja^  li»U<  in 


■oU 

fropert/ 

Xa 

Ur^rr  Waa. 

So«th«m  N«ll  In 
Pin*  M*t*l  Inch** 


4<tthdr*w*l  St**l  CKO03 
IU*lttane*  St**l  0.(M3 
St**l  0.09« 
U«u  0.096 
AlvB.  0.096 
Uwu  0.096 
Bran**  0.096 

lAt*r*l  St**l  3.063 
Lo*d>  St**l  0.063 
Currying  Si**l  0.096 
C*ry»ellp  Alva.  0.096 
Alia.  0.096 
Alia.  0.096 
Alia.  0.096 
9rmm  0.396 


»p*e. 

Cr«v. 

fUM  Of 
Pi»l*li 


PUt*d  3.A5 
Upn*d  0.A5 
Brl^t  0.55 
Brl^t  0.A5 
Brl^t  0.55 
Brtikt  0.60 
Bright  0.55 


PUt*d  0.A5 
Bipp«d  0. 45 
BriiBit  0.55 
Briitit  0.45 
Bright  0.55 
Bright  0.56 
Bright  0.60 
Bri^t  0.55 


PUiA- 

3hank 

H*il 


Poiad* 

73 

61 

60 

82 

67 

132 

59 


Aiaalarl^ 

Thr**d*4 

^itron^Mid 

Bail 

H«U*4lX7 


H«UmU/  Thr**d*d 

&tron#told  tcrsMAl 

Thr«*d  SpaclAd 
«  AAfl* 


Bofbod 

■all 

fhroadod 

Scrowtit* 

■ail 

Throad  Sp*«ln( 

0.045”  0.060* 

0.045” 

6  134/2* 

0.060” 
k  \tP 

Poreat 

Portal 

Portal 

Portal 

Portal 

Portal 

♦  M 

90 

♦.Mt 

*a 

7> 

•127 

•IJ3 

"7 

•39Q 

# 

♦  13 

•  21 

-  5 

•  11 

-*  6 

•  5 

-  U 

t  0 

•  6 

_ 

•  T 

•  19 

,TT.-r- 
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Ar*r*p*  Vf*etl*«i***  nt  1-1/6*  or  1-1/4”  a  0.091”  fUiA-Mwnk 
and  Thrad*d-3bank  C»p*yi-L*th  6^>  An  &id#4r*iA  Alr-triy 
Southora  Pin* 


■ail  Propogtj 

Plain- 

Piniaod 

Plain- 

PUia- 

Piidahod 

HoUoaily 

mraadod 

Plain- 

PiniWiod 

Holieallp 

Tbroadod 

Dlaod 

NolLtallp 

TKroodod 

la  Aif-Ory 

Drloa  lalo 

Shank 

SorowUU 

Strong  Id 

blrta^inld 

Soathom  Plao 

PtMdi 

■aU 

■aU 

Soroaail 

Soroaail 

Withdrawal  Aooiala— 

Dlrocllp 

Poa^ 

65 

Portal 

•105 

Poroont 

•107 

Port  oat 

•121 

Throa#i  Utb 

200 

♦  34 

•  27 

•  25 

Laloral  tad^anyiag 

MrotUy 

246 

•  47 

•  U 

•  22 

Coaatilp 

Throa#  Utb 

296 

♦  35 

•  L 

•  7 
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Avereee  Effeetivene!"!  of  l-T/8"  x  0.091"  Plain-Shank  and 
Threaded-Shank  Cypaue-jallboard  Haile  in  Sida-Craln  Air-try 
Southern  Pine 


knnularly  threaded 

HolleolXy  Threedod 

Nall 

Property 

Mall 

Plain- 

Stronghold 

Stronghold  Screunail 

In 

Shank 

Jhunk 

Metal- 

Air-try 

Lrivan 

Pena* 

Plain- 

Plain- 

lie 

i)onaer* 

Thread  Spacing 

Southern 

Into 

tra- 

Finished 

Finished 

Piniahod 

Ised 

Pine 

Plank 

tion 

Nall 

Nall 

Nall 

Nall 

0.029" 

0.03A"  0.0A5* 

Inches 

Pounds 

Percent 

Percent 

Percent 

Percent 

Percmt  Pereent 

iiihrirAw%l 

lirectly 

0.80 

110 

♦93 

♦  Ut 

♦103 

_  _ _ 

Heslstwce 

0.91 

139 

‘A5 

— 

♦A7 

♦57  ^53 

Thrwiitfi 

o.n 

209 

♦33 

♦  ?0 

♦  33 

. . . 

Type  Bde 

0.86 

173 

♦53 

— 

♦A3 

♦59  ^57 

Lirectly 

0.80 

201 

♦AO 

♦  39 

♦  A9 

_ 

toed- 

0.91 

2A5 

♦?5 

♦  5 

♦2A  ♦lA 

Carr./ing 

Canaeity 
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Averaye  Kffectivenese  In  Resletance  to  Axial  MlthdraHal  of 
2-1/2"  X  0.113"  .’laln-Shank  Flooring  Hracs.  2-1/2"  x  0.115*  Tapered. 
Flat  Cut  Floorlnr  Haile,  and  2-1/2"  x  0.113"  r.rei^oed-Shank 
Flooring  Nails  In  Slde-Crnin  Air-try  Southern  Pine 


Lriven  Into 
Southern  Pine 
Plank  After 

Tested 

jhfter 

Given 

Lelay 

Flain-br.ank 

Flooring 

Bred 

Cut 

Flooring 

Nall 

Founds 

Percent 

l*.»'e«A(  So."}klnf  and 
l*Day  Air-Lrylng 

None 

211 

♦1A8 

1*  .eek  Soaking  and 
1-Lay  Alr-Lrylnf 

A-Ueek 

(12.5<  M.C.) 

165 

♦161 

Air-C  lying 
{lit  l  eC.) 

None 

(IK  K.C.) 

23A 

♦156 

Air-Lrying 

(11*. :  .c.) 

A-Vleak 
(ll'I  N.C.) 

211 

♦169 

Helically 
Threaded 
Serewtlte 
Flooring  Nall 

Percent 


♦2U 


♦259 

*2U 


♦221 


100!( 


Crand  Averafe 


•158 


♦227 
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T:>bl*  IX 


Av«r&g«  Axl4l-MlU>(!raw«l  Rralstanee  of  Plaln-Shink  and 
Thraadad-Sbank  Nails  in  Slda-Graln  Air-Diy  Miita  Fir 


thlleal^iniiUr>  HaUBallr 
tvaiM  Ihiiadad  Ibraadd 
Plain-  Screw-  Stronc-  Strong- 


Mai 

Croup 

Nall 

Natal 

Nail 

Six* 

Shank  tita  hold 

Nail  Nail  Nail 

Powda  IWieant.  Paraant 

hold 

.Sernnafl 

Paraant 

Cut 

IteU 

Own* 

Goneral'Puroose 

L.-C.  Staal 
H.H.-C.  Stael 
L.-C.  Steel 
H.H.-C.  Staal 

2-1/2"  X  0.135" 
2-1/2"  X  0.120" 
3"  X  0.148" 
3"  X  0.135" 

260 

266 

289 

AA7 

♦  10 

♦  73 

♦  10 
♦  32 

♦  72 

♦  73 
♦110 

♦  25 

:::: 

Aaphnlt^Rooflnf 

Aludnun-Alloy 

1"  X  0.120" 

51 

♦  39 

♦122 

— 

.... 

3hlna».  Shnko.  Siding 

Alunintai-Alloy 

1-3/A"  X  0.098" 

86 

♦  78 

♦126 

♦120 

Uth 

Bluad  L.-C.  Stael 

1-1/8"  X  0.091" 

85 

— 

♦  52 

— - 

-— 

Wallbo«rd 

Aluninun-Alloy 

1-3/8"  X  0.091" 

81 

— 

♦  73 

♦  62 

— - 

flooring 

L.-C.  Steal 
H.-C.  Steel 
H.H.-C.  Stael 

2-1/2"  X  0.113" 
2-1/2"  X  0.115" 
2-1/2"  X  0.113" 

UA 

♦266 

— 

— 

♦185 

Table  I 

Ceaparativa  Axial-Withdrawal  Raaistaaea  of  Plain-Shank  and 
Thraadad-Shank  lalla  in  Sida-Grain  Air-Cry  Whita  Fir  and 
Southam  Pina 


Nall 

Nall 

Nail 

Niiil 

In  Miita  Fir 

In  Southern  Pin* 

Group 

Typ* 

MetAl 

Site 

Fowida 

Pounda 

Parcant 

G«neral~ 

Screutit* 

L.-C.  Steal 

2-1/2"  X  0.135" 

285 

3A6 

♦  21 

Purpose 

•* 

H.H.-C.  St**l 

2-1/2"  X  0.120" 

A6l 

850 

♦  8A 

•• 

L.-C.  St*«l 

3"  X  0.1A8" 

319 

A55 

♦  A3 

Avg. 

♦  A9 

Stronghold 

L.-C.  St*«l 

2-1/2"  X  0.135" 

U7 

652 

♦  A6 

•• 

H.H.-C.  St**l 

2-1/2"  X  0.120" 

a61 

730 

♦  58 

• 

L.-C.  St*«l 

3"  X  0.1A8" 

608 

93A 

♦  5A 

Arg. 

♦  53 

Asohnlt- 

Plaln""Shardc 

AluninuB-Alloy 

1"  X  0.120" 

51 

102 

♦100 

Rooftnf 

Serevtit* 

" 

• 

71 

139 

♦  96 

Stronghold 

• 

U3 

16a 

♦  A5 

Gra  Avg. 

♦  80 

SNlngl*, 

Plain-Shank 

Aluodnus-Al  lo/ 

1-3/4"  X  0.098" 

86 

132 

♦  53 

Shak*. 

Stronghold 

• 

201 

292 

♦  A5 

&  Siding 

Strongh.  Screw. 

•• 

196 

307 

♦  57 

Gra  Avg. 

♦  52 

L*th 

Plain -Shank 

Bluad  L.-C.  Stael  1-1/8"  x  0.091" 

85 

lAO 

♦  65 

Strfuighold 

•• 

129 

198 

♦  53 

Gr.  Arg. 

** 

♦  59 

Wallboard 

Plaln-SkMdc 

Aluoinun-Alloy 

1-3/8"  X  0.091" 

81 

139 

♦  72 

Stronidiold 

* 

■ 

lAO 

202 

♦  U 

Strong.  SereWa 

•• 

• 

131 

218 

♦  66 

Gr.  Arg. 

♦  61 

flooring 

Plain-Shnnk 

L.-C.  St**l 

2-1/2"  X  0.113" 

UA 

251 

*120 

Cut 

H.-C.  St**l 

2-1/2"  X  0. 115" 

325 

57A 

♦  77 

Ser«wtlt* 

H.H.-C.  St**l 

2-1/2"  X  0.U3" 

U7 

800 

*  92 

Or.  .Wg. 

*  96 

TabUU 


for  Molehod  Qulntupllo*t*  Toot*  on  Axiol  Wlthdrn*!  fcooiolono* 
.«1  r.r  in-  .fSh.- 

on  Utorol  Lood-Curjrln*  Copneltj  of  Hollo  and  Hood  derano  in  AirJrjr 
Southoni  TiUow  Pino.  Milto  Oak.  and  Boo- 


Proporty  Spoclaa 


Mthdrawol 
Raslatanca 
Pot  2/3 
Shank 

Panat ration 
In  Peonda 


Withdrawal  STP 
Raalatmea 
Par  In— 

Of  Shank 
Panatratlon 
In  Po«d, 


Lotorol  STP 
Loud- 
Co  trying 
Copocity 

““ 

Paiat  ration 
In  Pewnda 


Hall 

Slso 


2j«  X  0.135* 
3*  X  0.U8" 
1*  X  0.203* 


2j*  X  0.135* 
3*  X  0.118" 
1*  X  0.203" 

24*  X  0.135* 

3*  X  o.ua* 

1*  X  0.203" 

2j*  X  0.1-'5* 
3"  X  0.U8* 
1*  X  0.203* 

2^*  X  0.135* 
T  X  0.U8* 
1"  X  0. 203* 

24*  X  0.135* 
3*  X  0.U8* 
1*  s  0.203* 

24*  X  0.135* 
3*  X  0.U8* 
1*  X  0.203* 

24*  X  0.135* 
3*  X  0.118* 
1*  X  0.203' 

24*  X  0.135* 
3*  X  0.118* 

1*  X  0.20r 


Plain- 

Et— ad 

^ierS?  3^ng- 

Shank 

PI. -a. 

tita 

hold 

Hail 

Hail 

Hall 

Hall 

317 

123 

316 

652 

155 

931 

— 

— 

820 

1113 

199 

563 

665 

730 

__ 

931 

971 

— 

— 
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5  -  jt*  X  0.125* 

6  -  1*  X  0.138* 

7  -  l4*  X  0.151* 

8  •  2*  X  0.161* 

5  -  t*  X  0.125* 

6  -  1*  X  0.138* 

7  -  14*  X  0.151* 

8  •  2*  X  0. 161* 

5  -  t*  X  0.125* 

6  -  1*  X  0.138* 

7  -  14*  X  0.151* 

9  -  2*  X  0.161* 

5  -  f  X  0.125* 

6  -  1*  X  0.138* 
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8  -  2*  X  0.161* 

5  -  t*  X  0.125* 

6  -  1*  X  0.138* 

7  -  l4*  X  0.151* 

8  -  2*  X  0.161* 

5  -  <*  *  0'125* 

6  -  1*  X  0.138* 

7  -  14*  X  0.151* 

8  -  2*  X  0.161* 
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membership  campaigns,  at  and  between  Section 
meetings.  They  are  also  to  advise  and  make  sugges¬ 
tions  to  the  Executive  Sfecretary  and  Board  on 
Society  membership  policies. 

Effective  membership  campaigns  have  been  con¬ 
ducted  during  the  year  and  more  are  in  the  process 
of  execution  at  this  time.  The  spirit  and  enthusiasm 
of  the  committee  is  excellent  and  we  are  all  con¬ 
vinced  that  much  good  will  result  from  our  activ¬ 
ities. 

Respectfully  submitted,  K.  G.  Chesley,  Chairman. 

8.  Report  of  the  Subject  Matter  Committee 

In  response  to  numerous  requests  the  President 
set  up  an  Executive  Board  committee  on  Subject- 
Matter  Committees.  The  recommendations  of  this 
Committee  were  approved,  and  as  a  result,  two 
Subject  Matter  Committees  were  set  up  since  the 
last  meeting.  These  are  one  on  Education  with 
R.  W.  Wellwood  as  Chairman,  and  one  on  Wood 
Drying  with  J.  B.  Welch  as  Chairman.  The  Com¬ 
mittee  on  Education  has  been  active  and  has  par¬ 
ticipated  in  this  meeting  by  arranging  Session  VI, 
"Training  Men  for  the  Wood  Industries”.  The 
Committee  on  Wood  Drying,  set  up  in  February 
1951,  has  operated  by  correspondence  since  then. 
A  third  committee  on  Glues  and  Gluing  and  a 
fourth  on  Packaging  are  in  the  process  of  forma¬ 
tion. 

The  duties  of  these  committees  in  their  respective 
fields  are  to: 

1.  Provide  advice  and  guidance  to  officers  and 
members  of  the  Society  on  technical  aspects  relating 
to  conducting  the  affairs  of  the  Society. 

2.  Assist  program  committees  by  suggesting 
speakers  and  topics,  and  by  otherwise  aiding  in  the 
development  of  technical  programs. 

3.  Sponsor  and  encourage  meetings  of  experts 
for  informal  discussions  of  progress,  methods,  and 
problems. 

4.  Forward  the  objectives  of  the  Society  by  co¬ 
ordinating  the  activities  of  members  of  the  Society 
interested  in  the  subject  by  formulating  plans  of 
action  and  otherwise  encouraging  activity  in  their 
technical  fields. 

Respectfully  submitted,  R.  A.  Hertzler,  Chair- 


9.  Report  of  the  Resolutions  Committee 

The  1951  Committee  on  Resolutions  offers  the 
following  resolutions  for  consideration  of  the 
Society. 

1.  In  recognition  that  the  success  of  this  Fifth 
Annual  Meeting  of  the  Society  is  in  a  large  measure 
due  to  the  foresight,  planning,  and  diligence  of  the 
various  responsible  committees,  and  in  particular  of 
the  Philadelphia  Meeting  Committees. 

Be  it  resolved  that  the  Society  hereby  acknowl¬ 
edges  its  appreciation  to  the  members  of  these 
committees  for  their  excellent  and  successful  work. 


2.  In  recognition  and  appreciation  of  the  excel¬ 
lent  cooperation  of  the  following  cooperating 
organizations: 

American  Wood-Preservers’  Association 
American  Society  of  Mechanical  Engineers 
American  Society  of  Testing  Materials 
Northeastern  Wood  Utilization  Council 
Society  of  American  Foresters 
Society  of  Plastics  Industry 

Be  is  resolved  that  the  Society  hereby  acknowl¬ 
edges  its  appreciation  to  these  cooperating  organ¬ 
izations  for  their  efforts  in  making  this  meeting  a 
success.  Further  that  the  Secretary  so  write  these 
various  organizations. 

3.  In  appreciation  of  the  meritorious  services 
they  have  rendered  the  Forest  Products  Research 
Society  during  their  period  in  office. 

Be  it  resolved  that  the  gratitude  of  the  Society 
be  extended  to  all  of  our  outgoing  officers  and 
Regional  and  Sectional  Board  meml^rs. 

4.  The  Society  records  with  deep  regret  the  pass¬ 
ing  away  during  the  last  year  of  the  following 
members: 

L.  S.  Black  Ross  N.  Perkins 

P.  A.  Bloomer  R.  H.  Rawson 

L.  V.  Frisch  G.  A.  Wagner 

C.  E.  Miller  L.  W.  Winsor 

A  moment  of  silent  prayer  was  observed. 

5.  In  deep  appreciation  of  the  hospitality  and 
courtesies  extended  by  the  City  of  Philadelphia  and 
the  State  of  Pennsylvania, 

Be  it  resolved  that  this  expression  of  gratitude 
to  Governor  Fine  and  Mayor  Samuel  be  forwarded 
to  each  by  the  Society’s  Secretary  and  also  be  entered 
on  the  permanent  records  of  the  Society. 

6.  Whereas  in  the  case  of  extreme  national  emer¬ 
gency  the  skills  of  all  technically  trained  men 
should  be  utilized  to  the  utmost,  and  whereas,  the 
wood  working  industry  has  a  large  number  of  tech¬ 
nically  trained  men. 

Be  it  resolved  that  the  Forest  Products  Research 
Society  through  the  National  Office  of  the  Secretary 
recommend  and  send  this  resolution  to  the  Secre¬ 
tary  of  Defense  that  men  who  are  graduates  of 
either  Forestry  or  Engineering  schools  and  who 
have  had  training  in  the  wood  working  industry 
have  their  enlistment  records  so  classified  and  where 
such  men  are  already  in  the  service  they  be  reclas¬ 
sified  that  they  may  be  identified  in  the  particular 
branch  of  the  service  in  which  they  are  placed  so 
that  if  it  be  necessary  to  form  a  special  Wood  Tech¬ 
nologist  Group  in  any  of  the  various  branches  of 
the  Defense  Department  these  men  may  be  so 
assigned. 

Resolutions  Committee,  J.  J.  Allegretti,  C.  H. 
Jeter,  J.  R.  Barnes,  Newell  Norton,  R.  L.  Hiller, 
Chairman. 
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10.  Report  of  Constitution  and  Bylaws  Committee 

Chairman  K.  G.  Chesley  reviewed  the  work  of 
his  committee,  dating  back  to  the  origins  of  the 
Society,  to  draft  a  workable  Constitution.  Following 
completion  of  its  assignment,  early  in  1951,  the 
committee  placed  its  recommendations  in  the  hands 
of  an  independent  advisory  committee,  headed  by 
George  M.  Hunt,  for  further  examination  and 
recommendation^  This  advisory  committee  sought 
the  counsel  of  the  various  Section  officers  and  sub¬ 
mitted  its  recommendations  for  changes  to  the  orig¬ 
inal  committee.  The  resultant  revised  documents, 
incorporating  a  number  of  the  principal  changes 
recommended,  were  approved  by  the  Executive 
Board  and  the  Section  Officers  Counsel  at  Philadel¬ 
phia.  Chairman  Chesley  read  the  principal  changes 
incorporated  from  the  efforts  of  the  advisory  com¬ 
mittee.  On  motion  duly  made  and  seconded,  the 
Constitution  and  Bylaws  were  adopted. 

It  was  also  moved  and  seconded  that  when  the 
documents  are  sent  to  the  membership  for  ratifica¬ 
tion  a  statement  of  recommended  changes  of  the 
advisory  committee,  indicating  those  accepted  and 
not  accepted,  accompany  the  documents.  Motion 
defeated. 

Moved  that  a  copy  of  the  Resolution  recommend¬ 
ing  adoption  of  the  documents  made  at  the  Section 
Officers  Council  Meeting  accompany  the  documents. 
Carried. 

11.  New  Business 

No  new  business  was  presented. 

President  Hamilton  acknowledged  and  thanked 
the  members  of  the  regional  and  national  nominat¬ 


ing  committees.  He  also  expressed  his  appreciation 
to  retiring  board  members  Clarence  Van  Epps  and 
R.  D.  Pauley,  to  the  entire  executive  board  and  the 
various  committees  of  the  1951  meeting  for  their 
work. 

12.  Report  of  Tellers  Committee 

As  the  result  of  balloting  for  officers  and  board 
members  for  the  year  1951  the  following  were 
declared  elected: 

President:  Roy  M.  Carter,  Raleigh,  N.  C. 

First  Vice-President:  Kenneth  G.  Chesley,  Cros- 
sett.  Ark. 

Second  Vice-President:  R.  D.  Pauley,  Longview, 
Wash. 

Northwest  Regional  Board  Member,  3  year  term: 

Fred  Armbruster,  Seattle,  Wash. 

Northeast  Regional  Board  Member,  3  year  term: 
W.  Burdette  Wilkins,  Ridgewood,  N.  J. 

Attested  by  the  Tellers  Committee,  Hertord 
Garland,  Jack  Hammond,  Roswell  D.  Carpenter, 
Chairman. 

13.  Installation  of  Officers 

Newly-elected  President  Carter  expressed  his 
appreciation  to  retiring  president  Hamilton,  and  to 
the  membership  for  their  confidence  in  the  new 
Board. 

14.  Adjournment 

The  meeting  was  adjourned  at  10:30  p.  m. 


Twenty-three  hundred  wood  industries  men 
from  the  United  States,  Canada,  and  many 
foreign  countries  attended  FPRS’  largest  industry 
show  at  Convention  Hall,  Philadelphia,  May  7-11. 
Eighty  exhibitors  were  distributed  through  three 
major  areas — quiet,  semi-noisy,  and  outdoor — of 
the  vast  Hall.  They  displayed  a  wide  range  of  prod¬ 
ucts,  including  quiet  area  exhibits  of  chemicals, 
adhesives,  raw  materials,  instruments  and  services 
.  .  .  heavy  machinery  exhibits,  many  in  actual  oper¬ 
ation,  showing  the  latest  in  woodworking  machinery 
.  .  .  and  outdoor  exhibits  which  included  power 
saws,  sawmill  and  woods  equipment. 

The  big  feature  of  the  show  was  the  large 
amount  of  equipment  in  actual  operation,  coordi¬ 
nated  'with  motors,  drives,  dust  collection  systems 
and  auxiliary  processing  machinery.  Here,  a  variety 
of  secondary  wood  products  rolled  off  continuous 
production  lines. 

The  major  theme  of  the  exhibits  was  wood  util¬ 
ization,  exemplified  by  such  products  as  wood  waste 
board,  new  binders,  and  machines  offering  better 


machining  efficiencies,  lower  kerf  losses.  A  unique 
exhibit  was  the  world’s  smallest,  scale  model,  oper¬ 
ating  sawmill. 

Motion  Picture  Program 

A  new,  and  valuable  addition  to  the  industry 
show  was  the  "Forest  Products  Industries  Film 
Theater”  program  conducted  during  the  show. 
Located  in  the  middle  hall  of  the  show,  the  theater 
was  open  daily  from  10  A.M.  to  5  P.M.  and  was 
heavily  attended  throughout  the  week.  Featured  was 
a  continuous,  changing  program  of  practical  wood 
industry  motion  pictures.  Subjects  covered  included: 
Furniture  manufacturing.  Raw  materials.  Housing 
construction.  Logging,  Lumber  manufacturing.  Mill- 
work,  Pulp  and  Paper,  Plywood,  Woodworking 
machinery  and  Research  in  the  wood  industries. 

The  official  industry  show,  international  in  scope 
of  exhibits,  was  open  from  9:00  A.M.  through 
5:00  P.M.  daily,  Monday  through  Friday.  Com¬ 
panies  exhibiting  are  listed  on  the  following  pages. 
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for  a  lasting  bond . . . 

MELMAC:  URAC®  and  MELURAC®  Resins 

These  resin  adhesives  provide  durable  lasting  bonds,  resistant  to  weather,  water,  heat 
and  stain.  Just  pick  the  material  for  your  application  .  .  .  it's  bound  to  last. 

applications  material 

PLYWOOD  AND  VENEERS 

Waterproof  plywood  (boil-resistant) 

Marine  grade  plywood . 

Highly  moisture-resistant  plywood . .  . 

Bag  molding . 

Tapeless  splicing  of  veneers . . 

ASSEMBLY  GLUING 

Furniture . Urac  185 

Sporting  goods . Melurac  300,  Urac  180,  185 

Millwork  and  joint  assemblies . Urac  185 

URAC  1 10  is  a  neat  urea-formaldehyde  resin  in  free  flowing,  white 
powder  form,  used  with  wheat  flour  or  starch  for  hot  or  cold  set 
plywood  adhesives. 

URAC  180  is  similar  to  110  but  in  water  solution. 

URAC  185  is  a  craze-resistant  thermosetting  adhesive  for  assembly 
or  secondary  gluing  operations.  It  sets  at  room  temperature  with 
low  pressure. 

MELMAC  401  is  a  hot  press  plywood  adhesive  used  with  or  without 
fillers  .  .  .  boil-resistant  and  non-staining. 

MELURAC  300  is  a  melamine-urea-formaldehyde  resin  with  ligne¬ 
ous  extender  for  boil-resistant  bonds . . .  meets  Type  I  bond  require¬ 
ments  of  Commercial  Plywood  Standards  CS-35-49. 

MELURAC  301  is  powdered  melamine-urea-formaldehyde  resin 
without  extender,  used  as  a  binder  for  wood  waste  when  greater 
durability  is  required  than  can  be  obtained  with  neat  urea-formal¬ 
dehyde  resin. 

MELURAC  255  is  melamine-urea-formaldehyde  dry  powdered 
resin  designed  solely  as  an  adhesive  for  tapeless  splicing  of  veneers. 

Wall  be  glad  to  halp  you  pick  the  right  resin  for  your  requirements.  Just  set)d  us  the  details. 

AMERICAN  Gmnamid  company 

PLASTICS  DEPARTMENT 
30  ROCKEFELLER  PLAZA,  NEW  YORK  20,  N.Y. 

In  Canoda :  North  Amorican  Cyonomki  Lhnitod,  Royol  Bank  Building*  Toronto*  Ontorio*  Conada. 


urac  resins 
melmac  resins  | 

melurac  resins 


•  Melmac  401;  Melurac  300,  301,  302 

•  Melmac  401;  Melurac  300,  301 

•  Urac  no,  180 

•  Melurac  300,  301 

•  Melurac  255 
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American  Cyanamid  Company 
New  York,  N.  Y. 

American  Society  of  Mechanical  Engr. 
New  York.  N.  Y. 

Auto-Nailer  Company,  The 
Atlanta,  Ga. 

Bakelite  Company 
New  York,  N.  Y. 

Borden  Company,  The 
New  York,  N.  Y. 

Bucknam  Saw  Grinder  Mfg.  Co. 

Fort  Erie.  Ontario,  Canada 

Catalin  Corp.  of  America 
New  York,  N.  Y. 

Chevrolet  Motor  Division 
Detroit,  Mich. 

Como,  M.  &  T.  Bjerke 
Stockholm,  Sweden 

Cosgrove  Publishing  Company 
Grand  Rapids,  Mich. 

Delmhorst  Instrument  Co. 

Boonton,  New  Jersey 

Delta  Power  Tool  Division 
Rockwell  Mfg.  Co. 

Milwaukee,  Wisconsin 

DeLuxe  Saw  &  Tool  Co. 

Chicago,  Ill. 


DeWalt,  Inc.,  Subsidiary  American 
Machine  &  Foundry  Co. 

Lancaster,  Pa. 

Disston  &  Sons,  Inc.,  Henry 
Philadelphia,  Pa. 

Durez  Plastics  &  Chemicals,  Inc. 

North  Tonawanda,  N.  Y. 

Econaway  Manufacturing  Company 
Bellevue,  Michigan 

Ekstrom,  Carlson  &  Co. 

Rockford,  Illiniois 

Electronic  Heating  Corp. 

Newton  Highlands,  Mass. 

FImendorf  Research,  Inc. 

Chicago,  III. 

Enterprise  Company,  The 
Columbiana,  Ohio 

Firth  Sterling  Steel  &  Carbide  Corp. 
McKeesport,  Pa. 

Forest  Products  Research  Society 
Madison,  Wisconsin 

Greenlee  Bros,  and  Co. 

Rockford,  III. 

Hawker  Mfg.  Co. 

Dayton,  Ohio 

Homelite  Corp. 

Port  Chester,  N.  Y. 


I.  E.  L.  Power  Saws,  Inc. 

Seattle,  Washington 

Industrial  Woodworking 
Greenwich,  Conn. 

Jackson  Lumber  Harvester  Co.,  Inc. 
Brewton,  Ala. 

Junior-Pro  Products  Co. 

St.  Louis,  Mo. 

Kellogg  Appliances  Co. 

Philadelphia  44.  Pa. 

Lemmon  &  Snoap 
Grand  Rapids,  Mich. 

The  Lumberman 
Seattle,  Washington 

Maas  &  Waldstein  Co. 

Newark,  N.  J. 

Mall  Tool  Company 
Chicago,  Illinois 

Masonite  Corp. 

Chicago.  Ill. 

Mattison  Machine  Works 
Rockford,  Illinois 

McCulloch  Motors  Corp. 

Los  Angeles,  Calif. 

Mears-Kane  Ofeldt,  Inc. 

Bridgeport.  Penn. 
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YOUR  GUIDE  TO  ADHESIVES... 

The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia¬ 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 

When  you  use  a  Perkins  Glue  in  your  operations,  you’ll  agree 
with  other  leading  woodworkers  —  fAot  Perkins  series  you  best! 


RESIN — Hot  Press  and  Cold  Press  •  Liquid  or  Powder  Type 
CASEIN  —  A  brood  line  to  meet  your  specific  requirement 
VEGETABLE  —  As  originated  and  perfected  by  Perkins  Glue  Co. 
ANIMAL  —  Reody-to-use  Liquid  •  Heat-then-ose  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


•  PEPiKINS 


VEGETABLE 


BSTABLISHED  1899 


LANSDALE,  PA. 


KITCHENEk,  ONT. 
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Media  Machine  Works,  Inc. 
Media,  Pa. 


Proctor  &  Schwartz,  Inc. 
Philadelphia,  Pa. 


Smithway  Machine  Company 
Seattle,  Wash. 


Moak  Machine  and  Tool  Co. 

Port  Huron,  Mich. 

Moisture  Register  Co. 

Alhambra,  Calif. 

Monsanto  Chemical  Co. 

St.  Louis,  Mo. 

National  Casein  Co. 

Chicago,  Ill. 

Northeastern  Wood  Utilization  Council 
New  Haven,  Conn. 

Onsrud  Machine  Works,  Inc. 

Chicago,  Ill. 

Osgood  Engineering  Co. 

Malden  48,  Mass. 

Pangborn  Corp. 

Hagerstown,  Md. 

Perkins  Glue  Company 
Lansdale,  Pa. 

Philco  Corporation 
Philadelphia,  Pa. 

Pilot  Chemical  Co.,  Inc. 

Long  Island  City,  N.  Y. 

Plycor  Company 
Div.  Earle  Hart 
Machine  Co. 

Chicago,  Ill. 


Woodworking 


Production  Machine  Co. 

Greenfield,  Mass. 

Protection  Products  Mfg.  Co. 
Kalamazoo,  Mich. 

PTI  Incorporated 
New  Yorl^  N.  Y. 

Redco  Tool  Division 
Red  Lion  Cabinet  Co. 

Red  Lion,  Pa. 

Reed-Prentice  Corp. 

Worcester,  Mass. 

Rohm  &  Haas  Co. 

Resinous  Prod.  Div. 

Philadelphia,  Pa. 

John  Reiner  and  Co. 

Long  Island  City  6,  N.  Y. 

Schrader’s  Son,  A. 

Div.  Scovill  Mfg.  Co.,  Inc. 

Brooklyn,  N.  Y. 

Schramm,  Inc. 

West  Chester,  Pa. 

Simonds  Saw  and  Steel  Co. 

Fitchburg,  Mass. 

S.  H.  Smith  Co.  (The  Wood-Worker, 
Veneers  and  Plywood) 

Indianapolis  7,  Indiana 


Society  of  American  Foresters 
Washington,  D.  C. 

Society  of  the  Plastics  Indus.  Inc.,  The 
New  York,  N.  Y. 

Synvar  Corporation 
Wilmington,  Del. 

Standard  Dry  Kiln  Co. 

Indianapolis,  Ind. 

Timesavers,  Inc. 

Chicago,  Ill. 

Torit  Mfg.  Co. 

St.  Paul,Minn. 

U.  S.  Forest  Products  Laboratory 
Madison,  Wisconsin 

Westinghouse  Electric  Corp. 
Pittsburgh,  Pa. 

Wolverine  Finishes  Corp. 

Grand  Rapids,  Mich. 

Wood  Magazine 
Chicago,  Illinois 

Woodworking  Precision  Machinery 
and  Tool  Co.,  Inc. 

New  York,  N.  Y. 

Wood  Working  Digest 
Wheaton,  Illinois 


▼  Below:  Stray  field  heating.  ►  Right:  New  5  K.W-6.8/13.6 
MC  dual  frequency  wood  working  generator. 
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you  CAN  BE  SURE. ..IF  it's 

V^stinghouse 


How  to  Approach  a  Gluing  Job 

...forPnyftt/ 


Start  your  profits  on  the  way  up.  Increase  your 
shop  capacity.  Get  the  facts  on  how  Westinghouse 
R.F.  gluing  can  solve  your  gluing  problems.  Ask 
for  Booklet  B-3946-B,  Radio  Frequency  Heating 
For  The  Wood  Working  Industry.  Call  your  local 
representative  or  write  Westinghouse  Electric  Cor¬ 
poration,  Department  FP,  2519  Wilkens  Avenue. 
Baltimore  3,  Maryland. 


Call  on  Westinghouse  for  profitable  assistance  with 
your  gluing  jobs.  Radio  Frequency  gluing  saves 
time  and  material  and  permits  cost  reductions. 
Westinghouse  offers  you: 

1.  R.F.  generator  equipment.  Westinghouse,  with 
the  most  complete  line  in  the  industry,  furnishes 
exactly  the  right  generator  for  your  job.  Installa¬ 
tions  are  certified  to  meet  F.C.C.  regulations. 

2.  Engineering  assistance.  Westinghouse  provides 
experienced  engineering  help  on  your  particular 
wood  gluing  problem  and  is  prepared  to  give  you 
assistance,  engineering-wise  and  cost-wise. 


A  Assembly  gluing. 

3.  Field  service.  To  protect  your  production  opera¬ 
tion,  Westinghouse  has  field  engineers  in  all  prin¬ 
cipal  cities  to  provide  you  with  service  and  consult¬ 
ing  facilities  at  all  times. 
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"poft 

WOOD  PRESERVATION 


‘P%9t€etA  WOOD 

DECAY  or  ROT  WARPING 

FUNGUS  STAIN  SWELLING 
TERMITES  GRAIN  RAISING 
LYCTUS  BEETLES  SHRINKING 
CARPENTER  ANTS  CHECKING 


Containing 


A  clean  penetrating  water  repellent  preservative  of  the  highest  quality  that  stays 
in  the  wood.  It  resists  leaching  by  moisture  and  retains  maximum  water  repellent 
efficiency  under  adverse  conditions.  Used  on  structural  lumber  and  millwork,  cabinet 
work,  sheathing,  flooring,  shipping  containers,  and  many  other  wood  items. 


Protection  Products  Manufacturing  Co 

KALAMAZOO  99,  MICHIGAN 


Iv 

1 

1  If  ' 

1 

1 
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tCoK  Ct^HAT 


FOR  SIDEWAIK  SUPERINTENDENTS 


fer  greater  resistance  to  abrasive  wear  when 
chemically  treated — they  last  longer  because 
they  stand  up  better  underfoot. 

Plastics  find  wide  use  in  wall  coverings, 
switch  plates,  fluorescent  fixture  bodies  and 
similar  applications. 

Pulverized  wood  is  conserved  by  being  chem¬ 
ically  bonded  and  pressed  into  useful  service. 

In  these,  and  numerous  other  ways,  the  bene¬ 
fits  of  chemistry  accrue  to  owners,  architects, 
engineers,  contractors  and  manufacturers  of 
building  materials  and  supplies.  They  are 
benefits  that  go  on  and  on,  as  buildings  go  up 
and  up.  MONSANTO  CHEMICAL  COMPANY, 
Organic  Chemicals  Division,  1700  S.  Second 
Street,  St.  Louis  4,  Missouri. 

MONSANTO  PRODUCTS  FOR  THE 

■  RUIIDING  INDUSTRY — Penta 
preservative  for  wood  .  .  . 
Plywood  glues  .  . .  Rez,  wood 
sealer  and  primer  .  .  .  White 
Rez,  for  bleached  effects  .  .  . 
Resinox*  phenolic  industrial 
resins  .  .  .  Resinox  ph^’nolic 
molding  compounds  . 
Resimene*  melamine  indus¬ 
trial  resins  .  .  .  Resimene 
melamine  molding  com¬ 
pounds  .  .  .  Santocel,*  flat¬ 
ting  agent.  r.  .s-.  Pnt.  og. 

HIGH  SERVES  MANKIND 


Join  the  “sidewalk  superintendents’’  and 
you’ll  see  what  building  ^ves  America.  On 
every  hand,  new  construction  .  .  .  homes,  fac¬ 
tories,  office  buildings.  Here’s  progress  that’s 
tangible  .  .  .  permanent  .  .  .  seeable.  Progress 
that  springs  from  brains,  ingenuity,  sweat 
—  and  chemicals. 

Chemicals  have  many  applications  to  build¬ 
ing  materials — add  numerous  improvements 
and  economies.  But,  chemicals  themselves 
are  hard  to  see,  since  they  are  built  into 
materials  that  are  built  into  buildings.  Their 
use  extends  from  far  below  the  ground  line 
to  far  above  it. 

The  useful  life  of  dimension  lumber  and  heavy 
structural  timber,  for  example,  is  greatly 
increased  by  treating  mate¬ 
rials  with  Monsanto  Penta  _ 

preservative.  The  same  ap- 
plies  to  poles,  millwork  and 
insulating  board. 

made  of 


Concrete  forms, 
plywood,  can  be  used  over 
and  over  because  of  the 
extra  strength  of  chem¬ 
ically  formulated  glues 
which  meet  all  requirements 
of  adhesion  and  resistance 
to  exposure. 

Many  flooring  materials  of- 
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from  every  angle 

- EKSTROM,  CARLSOH 

is  your  best  buy 


i  be  consunt  aim  and  purpose 
of  EKSTROM,  CARLSON  & 
CO.,  has  been  to  design  and 
build  Machinery  and  Tools 
wbicb  will  assist  you  in  boosting 
your  production  and  in  reduc¬ 
ing  your  manufacturing  cosu. 


EKSTROM,  CARLSON  &  CO. 

ROCKFORD  •  ILLINOIS 


WOOD-LOK  is  a  cold-run,  liquid 
resin  adhesive  that  sets  to  a  non¬ 
abrasive  film.  Its  glue  film  and 
squeeze-out  do  not  calcify  or  dry  to 
rock  hard  films  that  act  as  abrasives. 
WOOD-LOK  will  not  dull  saws  and 
knives.  It  saves  money  by  eliminating 
the  high  cost  of  re-sharpening  tools 
unnecessarily;  by  making  tools  last 
longer  because  they  dull  less  fre¬ 
quently;  by  decreasing  the  amount 
of  lost  production  time  usually  needed 
to  replace  dull  saws  and  knives  on 
woodworking  machinery. 

WOOD-LOK  is  a  proven  tool  that 
increases  production.  It  was  intro¬ 
duced  six  years  ago  to  meet  the  de¬ 
mand  for  a  really  high-speed  wood 
glue  for  joint  assembly  operations. 
It  has  since  been  scientifically  im¬ 
proved  to  set  25%  faster.  Its  quality 
and  uniformity  are  rigidly  maintained 
by  laboratory  controls  over  the  ma¬ 
terials  and  methods  used  in  its  pro¬ 
duction.  For  further  information  and 
samples,  write: 


REDUCES  TOOL 
RE-SHARPENING  COSTS 


WOOD-LOK  provides 
an  easily  machined  wood  bond 


NEW  YORK •  BOSTON  •  PHILADELPHIA  •  CHICAGO  •  CLEVELAND  •  ATLANTA  •  SAN  FRANCISCO •  TORONTO  •  MONTREAL 
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THE  GREATEST  CHAMPS  REPEAT! 


•k  REMEMBER  Th*s*  "All  Tim*  Greats"? 

0  There  are  hundreds  of  competitors  in  every  field  of  sport,  but 
only  a  few  ever  win  the  right  to  be  called  the  greatest  in  history. 
Those  are  the  ones  whose  repeat  championship  performances 
put  them  way  out  in  front  of  all  competition. 


JOHN  L  SULLIVAN 


REMEMBER  StCUiclAftctf 


Since  1887  Standard  Dry  Kilns  have  helped  establish  new  high 
profit  records  in  every  conceivable  kind  of  woodworking 
plant.  Yes,  and  Standard  is  also  sening  another  kind  of  record 
.  .  .  a  record  number  of  repeat  orders  from  men  who  have 
learned  from  profitable  experience  that  they  can  depend  on 
Standard’s  scientifically  engineered  kilns  for  the  most  efficient 
and  economical  performance.  Remember  this  when  it’s  time 
for  you  to  install  a  new  kiln  or  remodel  an  old  one.  And  re¬ 
member,  too,  that  Standard’s  "CHAMP”  internal  fan  con¬ 
struction  and  perfect  automatic  control  of  heat,  humidity  and 
ventilation  is  your  assurance  of  uniform  quality  at  lower 
operating  cost. 

A  FEW  OF  STANDARD’S  HUNDREDS 
OF  REPEAT  CUSTOMERS: 

W.  F.  Whitnay  Company,  South  Ashburnhom,  MatsochusoN*;  Crompton  A 
Knowlos  Loom  Works,  Worcostor,  Mossochusotts;  Knobb  Borrol  Company, 
Marcus  Hook,  Pennsylvania;  The  Mongol  Co.,  Louisville,  Kentucky; 
S.  E.  Overton  Company,  South  Haven,  Michigan;  and  Vulcan  Corporation, 
Antigo,  Wisconsin. 


CfCi/n^ 


P.  0.  BOX  5708  •  INDIANAPOLIS,  INDIANA 


Writ*  for  illustratod 
Standard  Catalog  ,  , 


V 


HARD 

BOARD 


DELMHORST  INSTRUMENT  COMPANY 

BOONTON,  NEW  JERSEY 
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BETTER  WAYS  TO  BETTER  PRODUCTION 


Take  advantage  of  Greenlee's 
many  years  of  practical,  success¬ 
ful  experience  in  building  pro¬ 
duction  woodworking  machinery 
and  tools.  Greenlee’s  widely 
varied  line  can  serve  you  in 
many  profitable  ways,  whether 
your  shop  is  large  or  small.  In¬ 
quire  now  for  further  informa¬ 
tion  that  may  eliminate  costly 
operations  in  your  production. 

GREENLEE  BROS.  &  CO. 
GREENLEE  TOOL  CO. 

ROCKFORD,  ILLINOIS 


WOODWORKING  MACHINERY  •  MORTISING, 
BORING,  AND  ROUTING  TOOLS  •  TIE  PROCESS¬ 
ING  MACHINERY  •  TOOLS  FOR  CRAFTSMEN 


Made  by  a  special  controlled  process 
of  selected  Douglas  Fir  fibers  into 
Standard  Grade  and  "TREATED” 
Forest  Hardboard  panels. 

Thicknesses  of  Yg",  3/16",  Ya' 
Panel  sizes  of  4  x  4  to  4  x  16  ft. 

For  literature  and  specifications 
write  to 


DELMHORST  MOISTURE  DETECTORS  measure 
moisture  content  of  oil  kinds  of  wood  ^  over  o 
range  from  4  to  65%.  Accurate  readings  read 
directly  on  the  meter  —  no  dials  or  knobs  to  turn 
—  no  calculations  required. 

Meosures  overage  moisture  content  and  distribu¬ 
tion  of  moisture. 

Interchangeable  electrodes  to  fit  your  needs  — 

Write  for  complete  information  on  our  various 
jnodejs  for  lumber,  veneer,  poper,  etc. _ 


THE  FOREST  FIBER 
PRODUCTS  COMPANY 

Box  68  Dept.  F 
FOREST  GROVE,  OREGON 


"DRIVES  3  NAILS  A  SECOND" 


.  .  .  No  man  can  do  it— but  an  Auto-Nailer  can,  days  on  end.  This  great  time-saver 
does  the  work  of  3  to  5  men,  driving  3  nails  per  second  .  .  .  straight,  bradded,  clinched 
or  started.  No  guesswork  either,  for  Auto-Nailer  has  quick,  accurate  settings  for  nail 
length  and  countersink. 


A  MODEL  FOR  EVERY  PURPOSE  ! 


SPARTAN 

for  heavier  work. 


CRUSADER 

for  lightweight  tasks. 


LIKE  TO  SEE  SAMPLES? 

Let  us  demonstrate  Auto-Nailer  on 
samples  of  your  own  work.  No 
obligation,  of  course. 


WRITE  FOR  FREE  CATALOG 
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Onsrud  faster  machines 
production  woodworking 

Onsrud  machines  today,  for  routing  ond 
■PSHr  shaping  and  related  woodworking  opera- 

tions.  give  you  greater  speed  and  accura<^ 
than  ever  before.  Along  with  this  you  wiU 
have  the  advantages  of  easier  operation 
and  simplified  maintenance.  Typical 
new-design  Onsrud  machines  are  the  new 
B  W-244  and  W>304  Heavy  Duty  Routers  .  .  . 

and  the  new  W-180  Medium  Duty  Router. 
Illustrated  here  the  W-304  Router.  Design 
features  demountable 

f  VB  changeable  vacuum  as- 

sembly  .  .  .  grease  sealed  super-precision 
"  beorings  .  .  .  table  adjustable  for  height 

rffg  and  tilt  .  .  .  and  two  spindle  speeds,  10,000 

RPM  and  20,000  RPM  set  by  simple  hand 
lever  control.  Operating  features  include 

■  feather  touch  treadle  to 

I  lower  cutter  to  work,  chip 

■  blower,  ond  easy  set-up  to  meet  every  work 

requirement.  Write  for  the  complete  Onsrud 
Woodworking  Mochinery  Catalog  infor- 

Onsrud  cutters 

ONSRUD  MACHINE  WORKS,  INC. 

391 7  Palmer  Sncet  •  Chicago,  Illinois 

SALES  OFFICES  IN  ALL  PRINCIPAL  CITIES 

HiaVT  DUTT  ROUTEIS  •  SHSPIRS  •  SCSREING  AND  SPICIAl  MACHINiS  •  RIEDIURI  ROUTERS  •  TIITING  SPINDLE  SHAPERS  •  AUTORIATIC  SHAPERS 


HARSHAW  WOOD  PRESERVATIVE  INGREDIENTS 

Copper  Naphthenate 

Cepper  Oleate  Selid 

Solid  (11%  Cu)-Liquid  (8%  Cu) 

(10%  Cu) 

Zinc  Naphthenate 

4 

Cepper  Lineleate  Selid 

Solid  (14%  Zn) — Liquid  (8%  Zn) 

(10%  Cu) 

Cepper  Resinate  Precipitated 

Cepper  Hydrate 

(9%  Co) 

1 

(63%  Cu) 

ORDER  FROM  THE  NEAREST  HARSHAW  BRANCH 

'H<  HARSHAW  CHEMICAL  <=» 

1945  East  97fh  Street,  Cleveland  6,  Ohio 
BRANCHES  IN  PRINCIPAL  CITIES 


Chicago  •  Cincinnati  •  Detroit  •  Heuston  •  Los  Angeles  •  Philadelphia  •  Pittsburgh  •  New  York 
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PLASKON  RESIN  GLUES 
FOR  A  DEPENDABLE  GLUE  LINE 


The  Plaskon  Resin  Glue  line  provides  a  choice  of 
glues  that  are  adaptable  to  a  wide  range  of  gluing  and 
bonding  needs  for  woods.  These  bonds  have  excellent 
strength  and  life,  assuring  a  high  degree  of  permanence. 
They  are  moisture-proof  and  resistant  to  bacteria  and 
fungi.  Other  features  include  ease  of  preparation  and 
handling,  easy  mixing  and  strong  protection  against 
splitting,  cracking  and  peeling  at  glue  lines. 

Plaskon  Resin  Glues  are  available  in  hot  and  cold 
setting  — powdered  and  liquid  — for  either  low  or  high 
extension.  All  are  of  dependable  quality  and  are  stable 
in  storage. 

Literature  and  Technical  Service  available  upon  request 


PLASKON  DIVISION  •  IIIIEY*  OWENS  •  EORD  GLASS  CO. 

21M  Sylvan  Av«nu«,  Toledo  6,  Ohio 
World's  Largest  Martufacturers  of  Urea  Resin  Glues 
Also  Producars  of  Molding  Compounds  ond  Coating  Rosins 
District  Offices:  Atlanta  •  Lenoir  •  Memphis  •  Milwaukee 
Canadian  Agent:  Canadian  Industries,  Ltd.,  Montrool,  P.Q. 
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DRIVE  STANDARD  12  GAUGE 


a 


WritatM'  MW 
SMl|ria  cirtalar 


Sfalfias  ara  wada 
ia  staadard 
raadl'A^tiias. 


SP^TNAILS 


INC 


EVANSTON  4,  ILLINOIS 


MOISTURE  REGISTER 

•  Insures  quality,  tells  moisture  content  for 
best  wot^working  results. 

•  Saves  you  money,  helps  cut  freight  costs. 

•  Protects  your  purchases,  makes  sure  orders 
are  hlled  correctly. 

•  Increases  customer  goodwill  by  insuring 
your  deliveries  to  meet  customer  require¬ 
ments. 


Moistiue 
Register 
Mt^el  RF4 
with 

push-button 

electrodes. 


Moisture  Register  instrumetits  test  moisture  con¬ 
tent  in  wood  and  wood  produas  down  to  0% 
with  guaranteed  performance.  There’s  a  model  for 
every  purpose,  both  radio  frequency  and  needle 
types,  priced  for  every  budget.  New  models  now 
available  for  wood  waste  and  plaster.  10-day  free 
trial  offer.  No  obligation!  Write  today,  outlining 
your  requirements.  Ask  for  information  on  Mois¬ 
ture  Register  instruments  specially  designed  for  the 
textile,  leather,  paper  and  wood  industries. 

MOISTURE  REGISTER  CO. 

1510  West  Chestnut  St.  Alhambra,  Calif. 


PLYCOR 

HYDRAULIC 

LUMBER 


Embodyinq  the  latest  developments  in  hiqh  Ire' 
quency  edse-qluinq,  this  unit  insures  finest  quality 
at  high  speed  and  low  cost.  Fully  automatic  witi 
conveyorized  glue  spreader. 

Writ*  for  full  details 


PLVeOR  COMPANV 


Division  of 

EARLE  HART  WOODWORKING  MACHINE  CO. 
565  W.  Washington  Blvd.,  Chicago,  III.  RAndolph  6-4970 


STEEL  FRAME  HOT  PRESSES 


Here  s  the  practical,  efficient  equipment  for  Fast, 
economical  production  of  plywood  as  well  as  for 
malting  board  from  wood  fibre  and  wood  waste. 
Solid  one  piece  steel  frames  insure  permanent 
alignment  and  even  pressure.  Available  in  a  wide 
range  of  sizes  from  one  to  twenty  openings. 
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DO  YOU  HAVE 
A  PROBLEM 
WITH  WOOD? 


...if  some  of 
of  ordinary  wood 
perhaps  we 

By  chemical  impregnation,  the 
characteristics  of  wood  can  be 
radically  changed.  Resistance  to  de¬ 
cay,  to  marine  borers,  and  to  insect 
attack  are  widely  recognized  as  quali¬ 
ties  imparted  by  pressure  treatment. 
Fire  retardance  may  also  be  added  to 
decay  and  termite  resistance. 

But  there  are  many  other  ways  in 
which  wood  can  be  made  more  use¬ 
ful. 

Our  Technical  Laboratory  has  de¬ 
veloped  a  variety  of  treatments  for 
specialized  needs.  For  example,  wood 


the  properties 
are  unsatisfactory, 
can  help 

can  be  treated  so  that  it  possesses 
one  or  more  of  the  following  valu¬ 
able  qualities:  it  resists  acids;  it  is 
harder;  it  is  dimensionally  more 
stable;  it  absorbs  less  moisture,  etc. 
W ith  suitable  treatment,  wood  stands 
up  better  under  repeated  steam  steri¬ 
lization,  abrasive  wear  and  other  de¬ 
structive  conditions. 

We  will  welcome  an  oppor¬ 
tunity  to  consult  and  work  with 
you  to  make  wood  serve  you 
better. 


R.  H.  Bescher,  Mgr.,  Technical  Department 
Koppers  Company,  Inc.  Orrville,  Ohio 

PRESSURE -TREATED  WOOD 


SMYDER  CHElWI<UltCORPOItATION 
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PRESSED  STEEL  CAR  COMPANY 

Specifies  SYNCO  128-CLW 


FOR  UNICEL  FREIGHT  CAR  CONSTRUCTION. 
Even  down  to  the  massive  yoke,  Unicel 
Freight  Cars  are  bonded  with  this  versatile, 
low-cost  phenolic  resin  that  gives  durable 
bonds  in  cold-press,  hot-press,  stored-heat 
and  high  frequency  operations. 


•  SYNCO  128-CLW  meets  the  following 
specifications : 

AAF-14139  JAN-A-397  MIL-A-5534 

AAF-15015A  JAN-P-139  MIL-P-66A 

CS-35-49  RCAF-DTD-484MIL-P-6069 

CS-45-49  MIL-P-6070 


SYNCO  RESINS  AVAILABLE  FOR 
GLUING  •  LAMINATING 
WOOD  WASTE  BONDING 
BEATER  ADDITION 


A  HELPING  HAND 


DIAAENSOWOOD 

Packaged  Rough  Dimension 
Mahogany  Dimension 
Core  Stock 

Sundard  Lumber  Cores 
Banded  Lumber  Cores 
Special  Butt-joint  Cores  for 
specialized  applications 

Furniture  Parts 
Rough 

Semi-machined 
Fully  machined 

Laminated  Blocks  and  Blanks 

Curved  Laminates 

Industrial  Wood  Parts 

Turnings 

Plastic-faced  Material 


for  your  production  problems,  whenever  they  arise:  Gamble  Bro¬ 
thers  offers  you,  in  effect,  extended  produaion  facilities  .  .  . 
increased  volume,  and  greater  versatility  .  .  .  without  investment. 
By  planning  around  the  use  of  Gamble  Brothers’  hardwood  dimen¬ 
sion  stock,  or  parts,  either  rough  or  finished,  you  can  have  the 
elasticity  of  pr^uaion  which  is  particularly  important  to  eco¬ 
nomical  operation  today. 

Gamble  Brothers’  helping  hand  reaches  even  farther.  It  places  at 
your  assistance  more  than  fifty  years  of  experience  and  know-how 
in  wood  engineering.  Many  have  found  this  profitably  helpful. 
Won’t  you,  too,  accept  our  hand  ? 


Engineered  Wood  Parts 
in  Southern  and  Appala¬ 
chian  Hardwoods,  Wal¬ 
nut  or  Mahogany. 


MAIN  PLANT:  LOUISVILLE  9,  KENTUCKY  BRANCH:  MONTGOMERY,  ALA. 
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WHnEVER 
YOU  USE  WOOD. 


In  th*  northf  pmles  must  resist  I nHra  south,  high  temperatures  In  thn  dusurt,  crossties  broom, 
the  tremendous  weight  of  fre-  cause  light-b^ied  preserva-  shatter  and  split  from  extreme 
quent  sleet  storms.  Barrett*  tives  to  leach  and  evaporate  dryness  and  hrat.  Solutions  made 
Coal-Tar  Creosote  allows  poles  from  the  wood  rapidly.  Barrett  with  Barrett  Coal-Tar  Creosote 
to  retain  their  maximum  Coal-Tar  Creosote,  heavier  retard  this,  and  reduce  wear  of 
strength,  helps  to  keep  the  bodied  and  of  lower  volatility,  crossties  through  their  lubricat- 
poles  at  their  best.  prevents  this  condition.  ing  action  on  the  wood  fibers. 


I  nthuswumps,  high  moisture  con-  In  frash  water,  many  preserve-  In  saH  srotar,  marine  borers 
tent  and  infection  from  other  de-  tives  leach  out  of  wood.  Coal-  give  a  preservative  its  sever- 
ca3ring  wood  are  menaces.  Poles  Tar  Creosote,  being  only  neg-  est  test.  Coal-Tar  Creosote  has 
properly  treated  with  Barrett  ligibly  soluble  in  water,  is  the  proved  consistency  effective 
Coal-Tar  Creosote  survive  under  preferred  preservative  for  use  against  teredos,  limnoria  and 
swamp  conditions  for  years.-  on  submerged  wood  structures,  other  enemies  of  wood. 


THE  BARRETT  DIVISION  0"hr  CooHor  Craesalo  wood  prasarvcHiva  Km 

ANMChamicaiaDyaCeriMfaNan  *>^  »»•«•  •»"9  •"OUgh  and  widely  anevgk  !• 

40  Radar  Siraat,  New  Yarli  A,  N.  Y.  have  proved  Hs  affactivanass  under  all  conditions. 


THE  G.M. 


WABASH,  INDIANA 


Balance  style  running  Kear  for  turning 
sharp  corners.  Stakes  are  deep  seated  In 
tapered  corner  irons,  yet  instantly  re¬ 
movable.  Interlocking-  corner  frame  con¬ 
struction  with  steel  tie  rod  bracing. 

Shown  above  with  demountable  rubber 
tired  wheels.  "Demountable”  is  an  exclu¬ 
sive  Nutting  feature  of  industrial  wheels 
for  quick,  do-it-yourself  tire  replacement 
— giving  uninterrupted  service  with  no 
waiting  for  re-treading. 

Semi-Steel  Wheels  available. 

Write  deacribinff  your  needs.  Literature 
upon  request. 

NUTTING  TRUCK  and  CASTER  CO. 

1452  WMt  Division  ttroot 
FARIBAULT,  MINNESOTA 


DRYING 

SYSTEMS 


LUMBER 


VENEER 


PLYWOOD 

FURNITURE  FINISHES 
E.  M.  C.  CONDITIONING  SYSTEMS 

REDMAN 

ENGINEERING  SERVICE 

High  Point  No.  Car. 


,/ 

K 


A  completely  integrated  manu¬ 
facturing  and  distributing  or¬ 
ganization  serving  the  nation’s 

needs  for  plywood  and  other 
laminated  materials. 

Fourteen  manufacturing  plants 
and  fifty-four  sales  units  pro-  | 

vide  prompt,  nationwide  serv¬ 
ice  on  Weld  wood  products.  i 


UNITED  STATES  PLYWOOD  CORPORATION 

Executive  Offlcest  Weldwood  Bldg. 

55  West  44th  Street,  New  York 
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The  Defibrator  produces  superior  pulp  for  wall- 
board,  hardboard.  insulating  board  and  roof¬ 
ing  felt  from  all  kinds  of  chipped  wood  or  other 
hbrous  ligno-cellulose  materials  such  as  bagasse 
or  straw. 


The  process  can  be  controlled  to  produce  or  dupli¬ 
cate  any  desired  degree  of  freeness  or  fineness  of 
fibre.  Pulp  is  homogeneous  with  all  fibres  intact, 
but  well  separated.  Yield  is  high  and  power  costs 
ore  low. 


SM  tMtIotIrnlf  I*  UxItoW  fcr 


nmERiinn  depibriitoiu!IL^ 


Wm»  CmU:  a.  M.  iMwJhRfg 
Orphwmi  BwlWInSt  WmA* 


All  softwoods  and  hardwoods 

Fir 


•  Pine 

•  Gum 


Birch 

Oak 


•  Maple 

•  W^ut 

•  Mahogany 


Over  40  species  in  warehouse 
Plywood  Specialties 


Plytex  Linwood  Siding 
P.  V.  Hardboard 


Plypreg 

Welchboard 


Single-Ply  Veneers 
Consoweld  Plastic  Sheets 
Wal-lite  Tileboard 

Engineering  Department  for  Special 
G>nsultations 

Alex  P.  Schreiber  ■  John  H.  Sweeney 
Write  for  Price  jJst  to: 


MIHa 


plywood 

VENfERCO 


AETNA  PLYWOOD 
&  VENEER  CO. 
1731  No.  Elston  Ave. 
Dept.  FR 

Chicago  22,  Illinois 
ARmitage  6-7100 


BELSAW 

Over  30  Yean  hi 
the  Devehpment  and 
^  Manufacture  of 

SAWMILL 
EQUIPMENT 


of  Belsaw  Portable  Sawmill  users 
throughout  the  world.  .  .  .  Belsaw  goes  right  to 
the  trees,  thus  getting  more  lumber  from  all  the 
cut  timber.  For  low  cost,  high  quality  production 
the  Belsaw  line  leads  the  field.  Write  today  for 
Free  Book,  "How  To  Make  Lumber.” 

BELSAW  MACHINERY  CO. 

8721  Field  Building,  Kansas  City  2,  Missouri 
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OUot(L> 


is  clean;  it  will  not  leach. 


is  a  chemical  of  constant,  uniform  effectiveness. 


is  versatile  .  .  .  protects  utility  poles,  cross  ties, 
railroad  car  flooring,  fence  posts,  hams  and  many 
other  types  of  lumber. 


GWiLi 


is  proved — h  15  year  unequaled  performance  record. 


is  popular  with  leading  utility  companies,  rail¬ 
roads  and  building  contractors. 


Send  for  booklet  ‘^Pointers  on  Penta** — the  story  of  tvood 
preservation.  Write  Midland,  Mich.  Address  Dept.  PE-66. 

•Penta  is  a  popular  abbreviation  of  the  name  of  the  chemical  pent Kchlorophenol. 


THE  DOW  CHEMICAL  COMPANY 

MIDLAND,  MiCHIOAN 

Naw  Yorli  •  ftocton  •  PliHadalphta  •  Wcmhington 
Altonta  •  OavalaiMl  •  DatroM  •  Cliicaga  •  St.  Laais 
Haaatan  •  San  Francitca  •  las  Angalai  •  Saaltta 
Daw  Chamkal  af  Canada,  UmHad,  Taranla  1,  Canada  - 


chiorophenol 
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Chemicals  for  the  lumber  industry 


PERMATOX  10S 

DOWICIDE  G 

WEED  KILLERS 

For  controlling 

For  preservative  1 

A  complete  line 

sapstain  and  mold  in 

treatment  of  fibreboard  and  | 

for  specific  control 

green  lumber 

insulating  materials  J 

< 

problems 

AMBRITE 

PENTA 

Write,  wire  or 
phone  for  literature, 
prices  and 
recommendations 

AMBROCIDE 

For  protecting  logs 

PRESERVATIVE 

For  preventing 

and  lumber  against  stain 
and  insects 

rot  and  insect  attack 

in  wood 

Chapman  Chemical  Company 

Dermon  Bldg.,  Memphis  3,  Tenn.  •  Distributors  of  Dowicides  for  The  Dow  Chemical  Co. 


For  thirty-three  years,  we  have  preached  and  practiced  timber  con¬ 
servation,  and  the  maximum  utilization  of  forest  products.  We 
believe  in  teaching  our  employees  to  take  pride  in  good  workman¬ 
ship.  We  believe  that  care  in  selecting  the  best  timber  pays  off.  We 
believe  that  installation  of  the  finest  machinery  is  a  good  invest¬ 
ment.  We  are  certain  our  customers  get  full  value  when  they  buy 
our  product — PERM  A  WOOD  Hardwood  Plywood. 

DARLINGTON  VENEER  CO.,  INC. 

Established  and  in  continuous 
operation  since  1918 

Darlington,  South  Carolina 


Traveling  Head  Eliminaies  Shifting 
—Makes  Straight  Joints 

No  chain  feed — no  stock  wobble.  It’s 
the  most  accurate  machine  available 
for  this  type  of  work.  Bundles  of 
veneer  up  to  four  inches  thick  are 
firmly  clamped  in  the  machine.  The 
jointing  heads  travel  past  the  stock. 
Equipment  includes  four  knife,  round, 
roughing  and  finishing  heads.  Acces¬ 
sories  such  as  swivel  mounted  rough¬ 
ing  motor  .  .  .  mechanical  loader  .  .  . 
glue  spreading  attachment  .  .  .  head 
jointing  attachment  .  .  .  dust  piping 
.  .  .  are  readily  available. 

6  SIZES: 

90%  102%  126%  150%  200%  212% 


Precision  tapeless  joints — self-adjust¬ 
ing  for  varying  thicknesses.  About  the 
only  adjustment  required  by  this  ma¬ 
chine  is  speed  variation,  regulated 
from  15  to  120  feet  per  minute.  Either 
glue  or  catylist  is  applied  smoothly 
and  evenly  by  the  revolving  glue  disc 
at  the  infeed  end.  Chains  are  self 
cleaning. 
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NEW  Bending  Wuchine 


Fast,  Simple  Operation  Cuts  Cost 

•  Panel  to  be  bent  rolls  automatically  under 
heavy,  heated  mandrel  (Thermostatically  con¬ 
trolled). 


The  Ladon  Bending  Machine  makes  reverse,  close 
double,  “S"  shaped — any  angle  bend  up  to  180° 
— in  plywood,  veneers,  hardboard  such  as  Mason¬ 
ite,  chipboard,  Tekwood,  metaliibre  board  lami¬ 
nates,  etc. 


•  Movement  of  mandrel  is  actuated  by  adjust¬ 
able  weights  which 
wniTi  TODAY  for  dotoiUd  Control  speed  of 

informalion  ond  liloroluro.  bending. 

•  So  simple  that  one 

operator  con  han¬ 
dle  two  machines. 
Now  used  in  many 
industries. 


23  N.  Laclede  Station  Rd.,  St.  Louis  19,  Mo. 


HUTTIG  SASH  AND  DOOR  COMPANY 


Research  and  Product  Development  Division 


MILLWORK  and  BUILDING  PRODUCTS 


Warehouses  and  Assembly  Plants  Production  Plants 

Birmingham,  Ala.  Charlotte,  N.  C.  Missoula,  Mont. 

Coliunbus,  Ohio  Dallas,  Texas  Portland,  Ore. 

Jacksonville,  Fla.  Knoxville,  Term.  St.  Louis,  Mo. 

Louisville,  Ky.  Memphis,  Term. 

^ami,  Fla.  Roanoke,  Va. 

St.  Louis,  Mo. 

General  Offices:  1206  S.  Vonde venter  Ave.,  St.  Louis,  Mo. 


And  man  will  benefit. 

The  more  than  three  million  walnuts  planted 
each  year  will  assure  our  country  that  one 
of  the  world’s  most  beautiful  and  useful 
woods  will  never  vanish.  We  are  thankful 
that  we  have  been  able  to  play  a  small  part 
in  this  project  of  the  American  Walnut 
Manufacturers’  Association. 


Chester  B.  Stem,  Inc. 
256  Grant  Line  Road 
New  Albany,  Indiana 


These  higher  grades  of 

VENEER  and  LUMBER 

manufactured  and  available  at  all  times 


American  Walnut . . .  Avodire  . . .  Hard  Maple  . . .  White  Ash  . . .  Yellow 
^  Poplar  .  .  .  Cherry  .  .  .  Indiana  Soft  Textured  White  and  Red  Oak  .  .  . 

Butternut  .  .  .  Prima  Vera  .  .  .  Honduras  and  African  Mahogany  .  .  • 
^  Knotty  Pine  .  .  .  Sapeli  .  .  .  Special  logs  for  special  places  .  .  .  lumber 
from  modern  dry  kilns. 
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PAPER  CORPORATION  9/ UNITED  STATES 

ROCKEFELLER  CENTER  —  INTERN  AT  lONAL  BUILDING  -  630  fi/th  af  30 '^St. 

NEW  YORK  20,  N.Y. 


Our  worldwide  distributing  network 
for  the  Paper  Industry  is  at  your  service 


“Oliver”  Band  Cut-ofF  Saw  cuts  logs,  tim¬ 
bers,  etc.,  into  short  lengths  for  shingles, 
staves,  veneer  stock — in  fact,  any  cross  cut¬ 
ting  formerly  done  on  circular  or  drag  saws. 

Replace  your  obsolete  saws  with  this 
“Oliver”.  Built  in  3  sizes;  largest  cuts  60-in. 
logs.  It’s  speedier,  reduces  waste,  uses  half 
the  power,  gives  years  of  profitable  service. 


Write  today  for  full  details. 


Oliver  Machinery  Co 


•  /  Grand  Rapids  2,  Michigan 
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Resilient  Roll,  Boll  Beoring  Glue  Spreoder 

The  No.  22D  Ball  Bearing,  Resilient  Roll  Spreader  for  resins,  casein, 
and  other  cold  glues  is  unmatched  in  speed,  economy,  accuracy,  clean* 
liness  and  quality  production.  Gluing  rolls  are  deeply  covered  with 
fine  synthetic  rubber,  and  are  specially  grooved  to  control  the  amount 
of  resins  deposited  and  to  conform  to  irregularities  in  the  veneer. 
Accurate,  heavy  duty  ball  bearings  are  sealed  to  keep  lubricants  in, 
and  dirt  and  glue  out.  Doaor  rolls  are  heavily  coated  with  a  highly 
polished,  non-ferrous  surface  to  accurately  control  the  glue  spread 
and  eliminate  corrosion.  Investigate  the  No.  2 2D  spreader . . .  write 
for  supplement  to  Bulletin  11 -A. 


Jf  It  Is  Gluing  E^ui^meni  ~  IVe  Have  It 


% 
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/iCC  WIILIAMS-WHITE 
“Plate  P%eeeee 
ARE  TRULY  CUSTOM  BUILT 


\9 


D.J.  MURRAY  MANUFACTURING  CO. 

MANUFACTURBR5  SINCE  1883 


WAUSAU  •  WISCONSIN 


mUNTED! 

TRAILER 

MOUNTED! 


SetFcONT/ 


of  lumber  .  .  .  provides  accurate  con¬ 
trol  of  temperature  and  humidity  .  .  .  may  be  in¬ 
stalled  in  existing  dry  kiln  units  in  single  or  mul¬ 
tiple  imits  to  furnish  the  utmost  efficiency  and 
accuracy  in  the  conditioning  of  lumber.  Compact, 
the  GRID  lumber  drying  unit  requires  little  floor 
space,  and  because  of  the  design  and  the  material, 
it  requires  little  operating,  attention  and  is  main¬ 
tenance-free.  The  heat  transfer  unit  consists  of 
GRID  high  test  sections  that  will  withstand  steam 
pressures  up  to  250  P.S.l.  and  steam  temperatures 
up  to  450“  F. 

Furnished  complete  with  pressure  blowers  and  high 
pressure  heat  transfer  units  .  .  .  moisture  injeaor 
.  .  .  strainers  .  .  .  traps  .  .  .  steam  proportioning 
valve  .  .  .  dampers  and  damper  control  motors  .  .  . 
dry  bulb  and  wet  bulb  temperature  controllers  .  .  . 
psychrometric  assembly  .  .  .  high  temperature  safety 
shut  off  .  .  .  motor  starters  .  .  .  line  switches  .  .  . 
transformers  and  duct  connections. 


OTHER  M 
EQUIPMENT 


Chip  crushers. 
Multiple  knife  Wood  cleaners. 

chippers.  Knot  drills. 

Barking  drums.  Knot  saws. 

Write  for  complete  details  and 
information — no  obligation. 


— i 

H 

ilHIiii 

iimTmTiiW3 
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SYNTHETIC  adhesives;  PHtiw 
iGNATlNG  resins... and  SEAL] 
gth  paper  manufacture;  and  SPE 
tion  of  forest  products. 

New  Westminster, 

Foot  of  Keary  St 

New  Westminster 


For  the  best  in  PROTON  or 
precipitating  or  IMPRI 
UREA  RESINS  for  wet-strer 
resins  for  complete  utihza 

Seattle  4,  Washington 
3400  13th  Ave.  S.  W. 

Main  3536 _ 


CARR,  ADAMS  &  COLLIER  CO. 

DUBUQUE,  IOWA 


OVER  21  ACRES  OF  FLOOR  SPACE 


Superior  Unit  Wood  Windows  •  Bilt-Well  Interior  Doors  •  Bilt-Well  Exterior  Doors  • 
Nu-Style  Kitchen  Cabinets  •  Bilt-Well  Entrances  •  Bilt-Well  Shutters  •  Clos-tite  Case¬ 
ments  •  Bilt-Well  Combination  Doors  •  Bilt-Well  Basement  Windows  •  Bilt-Well  Louvres 
and  Gable  Sash  •  Carr -dor  Overhead  Garage  Doors  •  Bilt-Well  Corner  Cabinets  •  Bilt- 
Well  Storm  Sash  •  Bilt-Well  Screens  •  Bilt-Well  Storm  and  Screen  Unit  •  Bilt-Well 
Ironing  Board  Cabinets  •  Bilt-Well  Mantels  •  Bilt-Well  Telephone  Cabinets  •  Bilt-Well 
Stair  Parts  •  Bilt-Well  Unit  Unen  Cabinets. 
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RICKER 

SERIES  SHORT  LOG  BOLTER  1000 


AVAILABLE  IN  FOUR  SIZES  TO  HANDLE  LOGS 
3  FT.,  4  FT.,  3  FT.  AND  6  FT.  LONG 

PRODUCE  GOOD  LUMBER  FROM  POOR  LOGS 

Increase  the  percentage  of  lumber  from  your  standing  timber  by  sav¬ 
ing  more  of  the  tree.  The  bolter  can  do  it  at  a  profit  and  save  the  best  that 
the  tree  can  produce.  There  is  good  lumber  in  the  small  limb  log,  slabs 
and  edgings.  Work  them  up  on  a  bolter  and  show  a  profit  that  you  have 
not  enjoyed  before. 

This  is  a  modern  self-contained  machine  which  is  a  development  in 
saw  mill  equipment  that  is  ready  to  go  to  work  wherever  the  source  of 
supply  might  be.  The  bolter  is  a  new  step  toward  the  fast  growing  dimen¬ 
sion  stock  industry. 


"BUILT  BY  LUMBERMEN  FOR  LUMBERMEN" 

DIMENSION  MILL  EQUIPMENT  CO. 

DEANSBORO,  NEW  YORK 
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TABLE  DRIVEN 
HYDRAULIC 
ELECTRICAL 

FULL 

AUTOMATIC 

SPEEDS  FROM 
10  to  80  FT.  PER 
MIN. 

Faster  Speeds  if 
Required 

CAPACITY 
38"  to  184" 


FOX  BROS.  MFC.  CO. 


Complete  FirepooFing  Service 
for  Lumber  and  Plywood 

Manufacturers  of  all-wood  Fire 
Doors  .  .  .  fine  Custom-Built 
Architectural  Millwork 


FOX  BROS.  MF«.  CO. 


9717  SIDNEY  ST. 


ST.  LOUIS,  MO. 


HnnCHETT 


OTHER  MODELS 

D  N 

FOR  LIGHT 
PRODUCTION 
CAPACITY 
38"  to  108" 


EXTRA  HEAVY  DUTY  FAMOUS 
VELING  WHEEL  HEAD  GRINDER. 

Hydraulic  and  Mechanical  Transmission  RB&  ^ 

Drive,  Capacity  84"  to  360"  and  longer.  :  .k.  . 

Speeds  10'  to  100'  per  minute — 

Faster  speeds  if  required. 

HANCHETT  MANUFACIURING  CO.  '^11 

Main  OfRce  BIG  RAMDS,  MICH.,  West  Coast  PORTLAND,  ORE. 

WoHd*s  Largest  Manufacturers  of  Saw  Sharpening  and  Knife  Grinding  Machinery 
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To  help  industry  with  quality  control  in  gluing,  5*day  courses  are  held  periodically. 


Non-destruaive  testing  methods  employing  electric  sonar  equipment  is  one  of 
our  developments  which  can  be  applied  to  many  wood  products. 


Other  quality  control  procedures  on  which  we  can  advise  your  organization 
include : 


Moisture  absorption  controi  Chomicai  resistance  tests 

Mechanicai  testing  Wood  finish  tests 

Chemicai  testing  Door  testing 

Acceierated  aging  and  exposure 

Without  obligation  write  C.  A.  Risheii,  Director  of  Research, 
Timber  Engineering  Company,  Washington  6,  D.  C. 


poppCT  pnoiHxrrs 
research  guide 


^  .  j|  5th  Edition  Forest  Products 

1 1  Research  Guide  —  covers 
___  i  13,400  projects  or  programs 
1^7  of  2,680  organizations.  Order 
from 

Nationai  Lumber  Manufacturers 
Association,  Washington  6,  D.  C.  Price  ;  $10.00 


Hundreds  of  technical  men  have  ordered  the  handy 
TecoWood  Study  Kit — 54  specimens,  84-page  manual, 
lOX  hand  lens  and  knife  neatly  packaged  for  office 
or  home  use.  Order  from  Timber  Engineering  Company, 
Washington  6,  D.  C.  Price  $8.50  delivered  in  conti¬ 
nental  U.  S.  Foreign  shipments  $8.50  f.o.b.,  Wash¬ 
ington,  D.  C. 


Jijijlt  ^ 
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Something  Special 
in  Laminates  ' 

LOOK  TO  PARKWOOO 


PARKWOOD  HI-DEN 

HI-DEN  is  made  from  selected 
woods,  impregnated,  laminated  and 
compressed.  It  is  tough,  dense,  mois¬ 
ture  resistant,  dimensionally  stable 
and  has  a  low  co-efficient  of  fric¬ 
tion.  Widely  used  in  forming  tools, 
jigs,  textile  machinery  parts, 
knife  handles. 


PARKWOOD  GENUWOOD 

GENUWOOD  is  a  beautiful  decora¬ 
tive  laminate  made  from  a  variety 
of  genuine  wood  veneers.  It  has  a 
100%  melamine  finish.  Scratch  and 
acid  resistant.  Cigarette  proof.  Re¬ 
tains  all  the  natural  lustre  of  the 
original  veneers. 


PARKWOOD  DECORATIVE 

A  beautiful  laminated  plastic  with  a  wide  range  of  colors,  exclusive  patterns 
and  high  quality  imitation  woods.  Manufactured  in  l/l6"  thickness  for  tops 
and  in  5/32"  hardboard  (Parkwall)  for  walls,  wainscoting,  etc. 


PARKWOOD  LAMINATES,  INC. 

26  Water  Street,  Wakefield,  Massachusetts 


SPECIALIZING 

IN 

FINE  FINISHES  FOR  FINE  FURNITURE 

THE  LILLY  COMPANY 

HIGH  POINT,  NORTH  CAROLINA 


Whitney 


30",  36",  40"  and  44"  widths 
Planes  stock  1/16"  to  7"  thick 


Feeds,  30  to  90  ft.  per  minute 


For 


\\\ ^\\  Qu 


ality  Production 


What  price  do  you  pay  when  you 
stretch  the  useful  life  of  a  planer  be¬ 
yond  its  ability  to  produce  good  work? 
Comparison  of  costs  will  prove  that  slow 
production,  poor  planing  and  waste 
more  than  offset  the  price  of  new  equip¬ 
ment. 

The  Whitney  No.  97  Double  Surfacer 
maintains  a  uniformly  high  quality  of 
planing  day  after  day.  Its  accuracy  at 


fast  feeds  means  production  schedules 
are  met,  less  sanding  is  required,  less 
handling,  larger  output  and  lower  costs. 

The  sturdy  design  and  precision  con- 
struaion  of  the  No.  97  resulting  from 
Whitney’s  more  than  100  years  exper¬ 
ience  building  fine  planers  assures  you 
dependable  planer  performance  and  sat¬ 
isfaction.  Investigate  the  Whitney  No. 
97  today.  Write  for  Bulletin. 


BAXTER  D.  WHITNEY  &  SON,  Inc. 


9LANERS*SHAPiRS*  VARIETY  SAWS  •  MORTISERS  •  BACK  KNIFE  LATHES 


WINCHENDON,  MASSACHUSETTS,  U.  S.  A. 
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fttt  fast,  Openthn  pf  Pry  KUn  Ppprs 

DOOI^ARRIER 


.  .  .  makes  removing  and  replacing 
kiln  doors  a  simple,  one-man  job  re¬ 
quiring  only  a  few  seconds!  This  fast, 
efficient  method  also  helps  save  your 
doors — by  supporting  the  weight  uni- 
fornily  to  eliminate  stresses  and 
strains,  and  gentle  (though  speedy) 
handling.  There’s  a  Universal  Carrier 
to  handle  any  size  and  weight  of  door 
with  ease.  Let  us  show  you  how  to 
reduce  your  heavy  doors  to  feather¬ 
weights  ! 


Famous  the  world  over  since  1904 


Union  Lumber  Company 

620  Market  Street 
SAN  FRANCISCO,  CALIF. 


Manufacturers  of 


The  Newman  No.  60  Ball  Bearing  Hand 
Jointer  is  indispensable  in  any  woodworking 
plant,  large  or  small.  For  jointing  and  plan¬ 
ing  straight  and  out  of  line  material,  rab- 
betting,  squaring,  beveling,  molding,  bead¬ 
ing,  grooving  etc.,  the  No.  60  is  unexcelled. 
Tables  are  8  feet  long  adjusting  laterally  to 
give  a  maximum  opening  of  10"  at  cutter- 
head  and  a  minimum  opening  of  1%".  Cylin¬ 
der  is  forged  from  high  carbon  machine 
steel,  accurately  ground  and  dynetrically 
balanced  and  is  mounted  in  Precision  Type 
Ball  Bearings.  The  Newman  No.  60  can  be 
adapted  for  high  frequency  operation,  at  any 
speed  up  to  7,200  R.P.M. 

NEWMAN  MACHINE  COMPANY,  INC. 

GREENSBORO  NORTH  CAROLINA  U.  S.  A. 


MILLS: 

Fort  Bragg,  Calif. 


SALES  OFFICES: 

620  Market  St.,  San  Francisco,  Calif. 
117  W.  9th  St.,  Los  Angeles,  Calif. 
228  No.  La  Salle  St.,  Chicago,  Ill. 

2735  Grand  Central  Terminal,  New 
York  City 


Acres  of  diamonds' 
Loggers'  style 


TODAY’S  FORESTER 
Now  days,  he  knows  machinery/ 
New  logging  ways  he's  steering. 
And  BERGER  is  a  name  he  trusts, 
For  fob-proved  engineering. 


“Remember  the  world  famous  story?  A  man  couldn't 
find  riches  anywhere — until  he  dug  up  ‘acres  of 
diamonds’  in  his  own  back  yard. 

“Today,  the  new  24-inch  BERGER-REES  AUTOMATIC 
AIR  TONGS  are  bringing  a  new  kind  of  conservation 
to  the  Northwest  woods.  It’s  spreading  to  Canada 
and  you’ll  soon  see  it  everywhere.  Conservation  that 
cleans  up  after  logging! 

“Berger-Rees  Automatic  Air  Tongs  load  small  logs, 
chunks— material  formerly  wasted— economically  and 
faster’n  you  can  say  Paul  Bunyan. 

“They’re  a  surprise  in  another  way,  too — they  add 
very  little  to  your  shovel  investment.  Small  cost  to 
open  up  'acres  of  diamonds’  with  the 


new  24-Inch  BERGER-REES 
automatic  AIR  TONGS" 


%-yard  Morion  shovol  looding  vorying  longth  logs  wMi  30-inch  BEROER-REES  Air  Tongs. 


Inqwiro  about  Color  Movios  showing  this  rovolu- 
Nonary  looding  molhod  in  action  on  various  kinds 
of  logging  shows. 


vogg'*^’ 


Writo  for  now  froo  foldors  on: 

[~l  1.  Now  24-Inch  Borgor  Automatic  Air  Tongs; 
f~l  2.  Lcogor  SIso  Borgor  AutomoNc  Air  Tongs. 


Borgor  Portoblo  Stool  Logging  Towor* 
with  a  truck-mountod  Borgor  yardor. 
Highly  mobilo . . .  roody-riggod . . .  this 
succossful  combinoNon  brings  high- 
load  officioncy  to  ro-logging  and  pro¬ 
logging.  Borgor-  Roos  Air  Tongs  insuro 
mobility  throughout  ontiro  logging  op- 
oroNon. 


*N.  W.  loggors  call  it  **tho  poanut  post 
on  tho  macaroni  sido.” 
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•  Two-man  models — 24"  to  48"  Blade  Lengths 


RiiD-rRENTICE  COkP.f^Worcester  4,  Mass 


The  Origin^  Manuftdiurerloj  Vortabl^  Power  Cbmn  Saws 


THERE  ARE  NO  FINER 
VENEERS  IN  THE 
WORLD  THAN  THOSE 
WHICH  BEAR  THIS 
LABEL.... 


GOOD^ 

of-the- 

WOODS 


GENERAL  OFEICES 

P.  O.  Box  1618,  OAKLAND,  CALIFORNIA 

SALES  OFFICES 

4710  S.  ALAMEDA  ST. -LOS  ANGELES 
727  KENNEDY  ST.- OAKLAND 
827  TERMINAL  SALES  BLDG.  -  PORTLAND 


Kt  LAKE  SHORE  DRIVE  •  CHICAGO  11,  ILLIHOIS 

Mills  •  Norfolk,  Vo. — Kansas  City,  Kan. 
Grasham  Ongon 

Mahogany  Lumbar  Yard — Jaeksonvilla,  Fla. 


SOLID  BENT  WOOD  PARTS 


We  specialize  in  Oak,  Maple,  Birch,  Ash  and  Hickory.  We  make  a  large  variety  of 
bendings  for  furniture  manufacturers  such  as  chair  backs,  legs,  rims,  bent  arms  for  sofa 
suites,  etc.  We  also  rrianufacture  parts  for  racing  sulkies  such  as  shafts,  axles,  fork 
ribs,  etc. 

"If  It  Bends,  We’ll  Bend  It" 


PAWCATUCK,  CONNECTICUT 


WESTERLY,  R.  I 


P.  O.  ADDRESS,  BOX  145 
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Edited  with  YOU  in  mind 

WOOD  and  WOOD  PRODUCTS  is  edited  with  you  in  mind.  The 
recent  combination  of  these  two  famous  magazines  was  accomplished 
to  give  the  entire  forest  products  industry  an  outstanding  publication. 
Written  by  our  own  staff  members  and  correspondents  each  article 
gets  to  the  meat  of  the  story  so  you  can  get  the  facts  quickly.  The 
mission  of  the  publication  is  Information. 

There  are  more  editorial  articles,  features,  and  departments  in  each 
issue  than  in  any  other  trade  magazine  covering  the  entire  industry. 

That's  why  WOOD  and  WOOD  PRODUCTS  is  the  best 
advertising  buy  in  the  $9  billion  dollar 
forest  products  industry 

The  key  men  of  this  vast  industry  con  be  reached  by  this  one 
magazine.  WOOD  and  WOOD  PRODUCTS  is  read  regularly  by  the 
men  who  manage  and  operate  those  plants  which  produce  88.6% 
of  the  industry's  volume.  TO  REACH  THIS  MARKET  REGULARLY — 
ADVERTISE  REGULARLY  IN  .  .  . 


CHECK  THESE 
EDITORIAL  FEATURES 
EVERY  MONTH 

Articles 

Twelve  or  more  carefully 
selected  orticles  of  current 
interest. 

Departments 

Industry  Trunds 
Out  in  the  Shop 
Forei9n  Woods 
Woodictionory 
Wood  Salutes 
Hardwood  Markets 
Names  .  .  .  Events 
Wood  You  Believe  It 
Wood  Puzzlers 
Patent  Digest 
Barrel,  Box  ond  Packages 
New  Products 
Trading  Post 


139  N.  Clark  St.,  Chicago  2,  Illinois,  FI  6-5380 


The  National  Man¬ 
agement  and  News 
Magazine  of  the  For¬ 
est  Products  Industry 


SAMVEL M.  SHIMER&SONS.IIVC 

MILTOIV  ,  PEIVIVA 

_ _  I  he  ahimer  Cutter  Heads 
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USE  SHIMER  CUTTER  HEADS,  CUTTERS  and  KNIVES 
for  your  cutting  problems.  ^ 


There  are  Cutter  Heads  for — 
Flooring 
Ceiling 
Siding 
Shiplap 
Door,  Sash 
Cope  and  Mouldings 
to  fit  any  machine. 


One  Way  and  Reversible  Cutters 
Milled  -  to  -  Pattern  Knives 
Write  for  the  No.  51  Catalog. 


QUALITYBILT 

PRODUCTS 

SASH 

DOORS 

FRAMES 

BLINDS 

SCREENS 

MOULDINGS 

TRIM 

CABINETWORK 

STAIRWORK 

BASEMENT 
SASH  UNITS 

"DE  LUXE” 

KITCHEN  UNITS 

"UNIPAK” 

CASEMENTS 

•GLIDE-AWAY” 

STAIRS 

"UNI-ROL” 

GARAGE  DOORS 

"FARLO-VENT” 

UNITS 

"FARLO-SEAL” 
WINDOW  UNITS 

"E-Z-GLAZE” 

PUTTYLESS  SASH 

"FARUTE” 

LAMINATED 

PLASTICS 


Over  21  Acres  of  Floor  Space 


Established  1875 


Quality  in  design  and  workmanship  —  achieved  by  modern 
manufacturing  facilities  and  standardized,  volume  production 
—  is  the  distinguishing  feature  of 


ixalitybil 

''JJ^ODWORl^ 


FARLEY  &  LOETSCHER  MFG.  CO 
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THE  BROWN 
PAPER  MILL  COMPANY, 

INC. 

P.  O.  NO.  1472 


MONROE,  LOUISIANA 
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DIMENSION 


A  Quality  Control  Laboratory  checks 
every  operation  as  stock  "flows” 
through  our  plant.  Capacity  1,600,000 
feet  of  lumber  per  month.  Small  or 
large  orders  get  identical  attention. 

MORGAN 

MANUFACTURING  COMPANY 

BLACK  MOUNTAIN,  N.  C. 


STOCK 


We  shall  be  glad  to 
furnish  quotations  and 
samples  upon  receiving 
your  inquiry. 


Cross  Section  Conveyor  Roll 

HEADQUARTERS  for 
LUMBER  CONVEYOR 


North,  South,  East,  West — Logan  is  the 
recognized  leader  in  Lumber  Conveyors. 
Sold  in  standard  10  ft.  sections  in  vari¬ 
ous  styles  to  suit  requirements.  Prompt 
shipment,  attractive  prices.  A  Logan  dis¬ 
tributor  is  located  near  you. 

LOGAN  CO.,  Louisville  6,  Ky. 


NORTH  CAROLINA 
EQUIPMENT  COMPANY 


Construction,  Industrial 


Logging  Equipment 

INTERNATIONAL 

INDUSTRIAL  POWER 


RALEIGH 

GREENVILLE 

WILMINGTON 


GUILFORD 

CHARLOTTE 

ASHEVILLE 
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in  EDITORIAL 


consistently  carries  more  pages  of  editorial  material  which 
is  practical  and  informative  rather  than  theoretical.  Written 
by  men  who  know. 


in  CIRCULATION 


effective  coverage  of  the  wood  consuming  industry.  More 
than  17,500  copies  mailed  monthly  to  a  carefully  selected 
audience  of  known  buying  influences. 


tn  ADVERTISING 


more  advertisers  and  their  agencies  use  more  pages  and 
invest  more  dollars  in  WOOD  WORKING  DIGEST  than  in 
any  other  woodworking  publication.  There  must  be  a  reason. 
Send  for  rates  and  sample  copies  today. 


WOOD  WORKING  DIGEST 


WHEATON,  ILLINOIS 

(Chicago  Suburb) 


A.  HITCHCOCK  PUBLICATION 


Telephone:  WHeaton  8-3400 


CYCLEWELD  CEMENT  PRODUCTS,  Trenton,  Mich. 

Structural  and  Pressure  Sensitive  Adhesives 


CYCLEWELD  PANELS— “SANDWICH  STRUCTURES” 

MADE  FROM  CYCLECORE  FIGURE  ”8”  HONEYCOMB  BONDED  TO 
VARIOUS  TYPES  OF  SKINS  SUCH  AS— 


ALUMINUM 


ASBESTOS  CEMENT  BOARD 


PORCELAINIZED  STEEL  PLYWOOD 


CYCLEWELD  DIV. 


LAMINATED  PLASTIC 


CHRYSLER  CORPORATION,  DETROIT  31,  MICH 


T.  A.  FOLEY  LUMBER 
CO.,  INC. 

«<=>« 

We  Manuiactwe  and  Kiln  Dry 

High  Grade  Band  Sawed  Indiana 
Hardwoods,  Ash,  Quartered 
Oak  and  Walnut 

PARIS,  ILLINOIS 


Robbins 

FLOORING  COMPANY 

General  Office: 

REED  CITY,  MICHIGAN 

Mills: 

ISHPEMING,  MICHIGAN 
REED  CITY,  MICHIGAN 

HEAVY  DUTY 
and 

INDUSTRIAL  WOOD  FLOORS 

Manufacturers  of 
Hardwood  Flooring 
“Ironbound”  Continuous  Strip 
Unit  Wood  Block 

MEMBERS  OF  M.F.M.A. 

CABLE  ADDRESS: 

ROBFLOORS 

REED  CITY,  MICHIGAN 

REED  CITY,  MICHIGAN 

Millions  Walk  Daily  on  Robbins  Flooring 
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AMERICAN  MANUFACTURING  CO. 
COVERS  THE  FIELD 

IN  THE 

HARDBOARD  INDUSTRY 

Ag  prime  suppliers  to  Mill  and  Plywood  Operators  of  Han¬ 
dling  Equipment;  Transfer  Units;  Sawing  Equipment  and 
numerous  specially  designed  operations,  we  long  ago  saw 
the  need  lor  production  machinery  to  handle  wood  waste. 

Keeping  in  close  touch  with  various  pilot  plant  operations 
our  Development  Engineers  were  able  to  provide  the  an¬ 
swers  to  many  production  problems. 

At  the  present  time  we  are  iumishing  three  large  produc¬ 
tion  Hardboard  Plants  with  American  built  equipment  such 
as  the  Sell-Elevating  Charger,  which  is  illustrated  here,  and 
its  Companion  Unit,  the  Sell-Declining  receiving  rack. 
AMERICAN  Equipment  is  versatile  and  easily  adapted  to 
each  production  requirement — Proved  by  the  lact  that  all 
three  plants  being  supplied  by  our  equipment  are  using 
distinctly  diRerent  processes. 

Economical  production  ol  Hardboard  demands  the  minimum 
ol  labor  hours.  American  with  its  completely  engineered 

This  Sell-Elevating  Charger  is  one  ol  many  units  Loading,  Unloading  and  AuxUiory  Equipment  is  your 

designed  and  built  by  American  to  answer  to  profitable  production, 

provide  maximum  production. 


/4mvUcaH  teteowU  (iUh^  if»u  t6€ 

eftu/suH^  iti  ^  H  A  R  D  B  0  A  R  D  INDUSTRY 


PLYWOODHARDfiOARD 
and  SAWMILL  MACHINERY 
DESIGNED  and 
MANUFACTURED 


lOOtr  TO  AMBIKAM  TOR: 

Pirwow  PRESS  HAmm  SYSTEMS-LmBER  uns 
PAMEl  SAWS-LUMBER  STACKRK  SYSTEMS 
PATOme  EOUPMENT-PASSENCa  St  FREIOff  EUVATORS 


mflnuFflCTURinc  compnnv 


INC. 


WASHINGTON.  U.  S.  A. 

IN  CANADA; 


TACOMA  2, 

IN  THE  SOUTH-EAST; 

Americati  Manufaauring  Co.,  Inc. 
Henry  H.  Keenan,  Manager 
Greensboro,  North  Carolina 


American  Manufacturing  Co.,  Ltd. 
R.  N.  Pinton,  Manager 
Vancouver,  B.  C. 
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WOOD  PRESERVATIVES 

for  every  purpose 


•  DECAY! 


•  STAIN! 


•  TERMITES! 


•  MOISTURE! 


SALES  AGENTS 

MONSANTO  CHEMICAL  CO. 
SANTOPHEN  20  (Pentachloropbanol) 

WYANDOTTE  CHEMICAL  CO. 
NOXTANE  (Sap  Stain) 

EFURD  MACHINE  &  WELDING  CO. 
HURRICANE 

Pealars.  Framari.  Trams,  etc. 


UIQOD-flEIITUnC 


S137SoittiwestAve. 
St.  Louis  10.  Mo. 


DIXIE  LUMBER 
COMPANY,  INC. 

8201  Fig  Street 

NEW  ORLEANS  18,  LOUISIANA 

Lumber,  Plywood 
and 

Door  Distributors 


SALES  COMPANY 

MINNEAPOLIS,  MINN. 


Sugar  Pine  Ponderosa  Pine 
Western  White  Spruce 


Industrial  Box  Shook 


Mahogany  Specialists 


THE  PAS  LUMBER  CO.  LTD.  (Con.) 
WINTON  LUMBER  GO.  (Calif.) 
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For  On-the-Job  Treatment  of  Lumber 


Applied  by  Brush,  Spray  or  Dip 

• 

Stops  Rot  and  Termites 
Reduces  Warping  and  Swelling 
Keeps  Plywood  Smoother 

• 


CUPRINOL  Supplements  the  Use  of  Pressure  Treated  Lumber 


For  Cuprinol  permits  on-the-job  replacement 
of  treatment  after  pressure  treated  lumber  is 
fitted — on  sawed  ends,  planed  surfaces,  in 
bolt  holes,  under  fastenings,  etc.  And  where 
a  preservative  is  desirable  but  pressure  treated 
lumber  is  unavailable,  Cuprinol  can  be  sub¬ 
stituted. 


Cuprinol  is  the  original  copper — or  zinc — 
naphthenate  wood  preservative,  first  formu¬ 
lated  in  Denmark  over  40  years  ago.  But  in 
addition  to  its  naphthenate  base  it  contains 
other  ingredients  for  deeper  penetration, 
water  repellency,  quick  drying  and  lasting 
protection. 


It  is  Water  Repellent,  Fungus  Resistant  —  Sale  and  Easy  to  Use 


Primarily,  Cuprinol  treatment  will  stop  rot, 
mildew  and  fungus  accumulation,  and  deter 
termites  and  boring  insects.  But  because  Cup¬ 
rinol  is  also  water  repellent  it  reduces  the 
absorption  of  moisture  by  lumber  so  that 
fitted  mill  work,  doors,  windows,  frames  and 
flooring  for  all  practical  purposes  will  not 
'swell,  shrink  or  warp.  On  plywood  this  water 
repellency  minimizes  ^rain  raising  and  sepa¬ 
ration  checks  to  provide  a  lasting  smoother 
surface  under  paint,  varnish  or  stain. 


Cuprinol  does  not  leach  out,  and  one  coat  is 
sufficient.  It  is  non-toxic  to  the  skin,  and 
Cuprinol  treated  wood  is  harmless  to  ani¬ 
mals,  poultry  and  plants.  Cuprinol  treated 
wood  takes  paint  perfectly,  and  Cuprinol  is 
frequently  used  with  economy  to  eliminate 
a  priming  coat.  It  does  not  deteriorate  with 
the  opening  and  closing  of  cans  for  frequent 
use,  and  is  available  in  quarts,  gallons,  bulk 
or  concentrates.  Carried  by  Lumber  Dealers. 
Write  for  Information  Data  WP-1. 


CUPRIKOL  Division,  Darworth  Incorporated,  Simsbury,  Conn. 
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Con^^ments 

OF 


COMPLIMENTS  OF 

STORY  &  CLARK 
PIANO  CO. 

64  E.  JACKSON  BLVD. 
CHICAGO,  ILL. 


HERMSOORF  FtXTUREiM ANUFAaURING  CO.,  INC. 


COMPANY 

939  L  Washington 
Avenue 

Madison,  Wisconsin 


RUBBER  SATIN 


MAUTZ 

PAINT  &  VARNISH 


*  HOUSE  a  OMDEN 

•  SPREADS  LIKE  MAtIC  •WASHES  EIRE  A  DISH 

Dries  in  30  minutes  *  Durable  *  Ready  to 
use  *  No  paint  odor 


Manchester,  New  Hampshire 
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GORDON  VENEER 
COMPANY 

Manufacturers 

single  ply  rotary  cut  Poplar  and 
Gum  Veneers. 

LEXINGTON, 

NORTH  CAROLINA 


TIME  OUT  OF  MIND,  from  coast  to 
coast,  from  Lakes  to  Gulf,  you  could  tell 
a  sawmill  by  the  hulking  refuse  burn¬ 
ers.  Their  hot  red  eyes  biinked  through 
the  night;  by  day  they  merely  smoked. 
Burners  were  hard  economic  facts.  They 
devoured  what  nobody  would  buy  as 
lumber;  and  th.it  which  was  ieft  over 
from  stoking  the  mill  boilers. 

I  saw  the  light  of  Simpson’s  burner  at 
its  big  Shelton,  Washington,  sawmills  go 
out  many  years  ago.  The  burner  was  a 
thing  of  the  past  when  the  company 
built  its  woodfiber  plant,  whose  raw 
product,  except  for  bark  and  inferior 
wood,  is  the  very  fuel  that  once  fed  the 
hot  Innards  of  the  burner. 

To  make  its  woodfiber  products,  Simp¬ 
son  takes  all  the  sound  solid  wood  left 
over  from  the  mills  and  factories,  breaks 
it  down  into  minute  fibers,  then  feeds 
the  pulpy  mass  into  a  machine.  It 
emerges  as  a  board,  and  goes  next  into 
a  dryer  as  long  as  a  football  field.  Now 
it  is  hard  and  firm  again,  and  is  cut  into 
panels  of  any  size  desired.  This  insulat¬ 
ing  board  can  be  used  for  interior  walls, 
for  lath  to  hold  plaster,  for  wall  sheath¬ 
ing  and  for  roof  insulation.  In  proces. 
sing  the  product  is  treated  to  prevent 
rot  and  exclude  termites. 

Another  Simpson  woodfiber  product  is 
a  sound-absorbing  board  called  acousti¬ 
cal  tile,  its  surface  drilled  with  484 
holes  to  the  square  foot.  Noises  go 
howling  into  these  little  holes  to  emerge, 
if  at  all,  as  faint  echoes. 

The  woodfiber  plant  added  250  new  jobs 
to  the  community,  and  increased  ship¬ 
ments  of  Simpson  products  by  many 
hundreds  of  carloads  annually.  Yet  all 
this  was  accomplished  without  having  to 
cut  a  single  extra  tree.  The  identical 
stuff  that  kept  the  refuse  burners  smok¬ 
ing  has  become  the  source  of  new 
products. 


Plonh:  ShaHon  and  Mcdoory,  Watli.,  KlanMith  and  Areata, 
CalM.  Salo*  officati  San  Francitca,  Lo«  Anflalot,  Now 
Yorli,  Fargo,  Chicago,  Si.  Louie,  KonMt  CHy,  Shrovoporl. 
Oonml  SoIm  OfHcoe:  1065  Staarf  Bldg.,  SooNia  1,  Wash. 
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Crogan-(Jochrari  Jjimber  ^ompany 


MANUFACTURERS  OF  . 

YELLOW  PINE  LUMBER 


MAGNOLIA, TEXAS 


OREGON  LUMBER  COMPANY 

LUMBER  MANUFACTURERS 

Manuiacturers  of  Pine  Specialties  irom  “JOHN  DAY" 
Ponderosa  Pine.  Structural  Timbers  and  Fir  Products 
from  ”MT.  HOOD"  Douglas  Fir. 

PINE  OFFICE  AT  BAKER  OREGON 
FIR  OFFICE  AT  DEE  OREGON 


HAGEMEYER  LUMBER  COMPANY 

Specialists  in  the  production  of  wood  parts 
and  Furniture  dimensions 

SECOND  NATIONAL  BANK  BUILDING 

PHONE,  CHERRY  1056 

CINCINNATI  2,  OHIO 
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GUMMED  PAPER 


Oval  Wood  Dish 
Corporation 

Tupper  Lake,  N.  Y. 

FACTORIES: 

Tupper  Lake,  N.  Y. 
Potsdam,  N.  Y. 

THE  OVAL  WOOD  DISH 
COMPANY  OF  CANADA,  LTD. 

QUEBEC  P.  Q. 


Glued  Laminated  Timbers 

. . .  f/ie  finest  form  of  engineered  wood 

Permanent  .  .  .  economical  .  .  .  beautiful — 
these  and  all  other  good  qualities  of  timber 
construction  are  retained  by  the  glued  lami¬ 
nation  process.  In  addition,  freedom  from 
dimensional  changes  and  seasoning  blem¬ 
ishes  are  achieved  by  this  modern  method 
of  "shop  growing”  these  finest  of  structural 
members. 

Timber  Structures,  Inc.,  has  prepared  a 
booklet  entitled  "Engineered  Timber  Con¬ 
struction”  which  gives  details  of  glued  lam¬ 
ination,  and  shows  specific  applications.  You 
may  get  a  copy  from  your  nearest  Timber 
Structures  office,  or  by  writing  us  direct. 


ITTTTf-'t 


P.  O.  BOX  3783,  PORTLAND  8,  OREGON 

Offices  in  New  York;  Chicago;  Detroit;  Kansas  City,  Mo.; 
Dallas,  Texas;  Seattle  and  Spokane,  Wash. 

TIMBER  STRUCTURES,  INC.,  OP  CALIFORNIA  .  Oaklond,  Calif. 
nMBER  STRUCTURES  OF  CANADA,  LTD.  .  Peterborough,  Ontario 
Local  Hoprottnlalivts  Coast  to  Coast 
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HAMMOND  LUMBER  COMPANY 

417  MONTGOMERY  STREET  SAN  FRANOSCO,  CALIFORNIA 


MANUFACTURERS  and  DISTRIBUTORS 
of 

CALIFORNIA  REDWOOD 

Mills:  SAMOA  and  EUREKA,  CALIFORNIA 


36  Distributing  Yards  in  Caliionua 
EASTERN  SALES  OmCE:  SOUTHERN  CALIFORNIA  OFnCE: 

Hammond  Lumber  Co.,  Inc.  Hammond  Lumber  Company 

35  East  Wacker  Drive  2010  South  Alameda  Street 

Chicago,  Illinois  Los  Angeles,  Cahiomia 


PLYWOODS- PLASTICS 
CORPORATION 

HAMPTON,  S.  C. 
Manufacturers  of 

<<HAMPTONITE’' 

Flush  Wood  Doors 
and 

Quality  Plywood 


A  Symbol  of  Quality  for 

•  Hardwood  Floorings 

•  Hardwoods 

•  Pine 

•  Lumber  Products  ' 

•  Floor  Finish  and 
Maintenance  Products 

•  Termite  Control 

E.  L.  BRUCE  CO 

MEMPHIS,  TENN. 

^World's  Largest  Maker  of 
Hardwood  Floorings” 
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Laucks  Sentry 
Moisture  Detector  Gives 
Continuous  and  Automatic 
Production-line  Control 
Of  Core  Stock 
Moisture  Content 


American  Plywood 
Corporation 

NEW  LONDON,  WISCONSIN 


Manufacturers  of 


Metal  case  con¬ 
trol  unit  for 
overhead  in¬ 
stallation  and 
probe  unit  to 
be  pennanetitly 
installed  on 
production 
machine. 


New  Londoner  Hollow 


\sta 


Core  Doors 


American  Flush  Solid 


Core  Doors 


Plywood  Products 


New  Lauckn  sentry  Continuoua  Moisture 


Detector  ftivea  automatic,  continuous  pro- 


TIMBER  PRESERVERS 
LIMITED 

Ft.  Trcxpp  Road 
NEW  WESTMINSTER.  B.  C. 


Sawmills  Poles 

Prefabricators  Piles 

Pressure  Treating  Ties 

Butt  Treating  Timbers 


Douglas  Fir — ^Western  Hemlock 
— ^Red  Cedar 


A  Complete  Service  to  All  Wood  Users 


duction-llne  control  of  veneer  or  core 
stock  moisture  content — before  assembly. 
This  new  instrument  can  be  adapted  to 
control  moisture  content  of  any  material 
where  moisture  Is  a  problem.  It  will  de¬ 
tect  moisture  in  any  part  of  the  material. 
You  can  set  it  to  check  any  desired  mois¬ 
ture  content  and  arrange  to  mark  auto¬ 
matically  every  piece  of  excessively  wet 
stock,  ring  a  bell  or  activate  an  auto¬ 
matic  kick-off  mechanism.  It  is  built  to 
meet  rugged  service  requirements.  Sentry 
is  installed  on  present  production  equip¬ 
ment;  operates  at  normal  production 
speed;  requires  no  special  operators.  It  is 
installed  by  Daucks  technicians  who  train 
present  personnel  in  live  hours. 

Sentry  has  been  use-tested  for  more 
than  a  year  in  a  furniture  plant  where  it 
paid  for  Itself  in  six  months.  Other  instal¬ 
lations  include  additional  furniture  plants, 
veneer  and  pulp  plants.  An  adaptation  is 
being  developed  for  use  in  connection 
with  kiln  dried  lumber  at  large  sawmills. 

7/  You  Have  a  Moisture  Problem  Write  Details 
Today  lor  Free  Consultation 

WRITE  FOR  FREE  FOLDER 


Laucks  Sentry  Products 

4441  Staiui  Building  DcpI.  LS  15 

Suaill*  1 ,  Wuhington 

Manufactured  by  Instrument 
Division,  Laucks  Laboratories,  Inc. 
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SLASH  TOOL  COSTS— SPEED  PRODUCTION 

WITH  VELEPEC  CAR¬ 
BIDE-TIPPED  Router 
Bits,  Grooving;  iiaws, 

Shaper  Knives,  Pour 
Wing;  Shaper  Cutters, 
etc.  for  every  conceiv¬ 
able  shape.  Stay  sharp 
10  to  30  times  longrer 
than  reg;ular  steel 
tools.  They  stay  sharp¬ 
er,  cut  cleaner  and 
faster  with  smoother 
finishes.  Effect  tre¬ 
mendous  savings  in 
machine  “reset”  time 
and  sanding  opera¬ 
tions. 

Fred  M.  Velepec  Co. 

71.11  64th  Street  BROOKLYN  27,  N.  Y. 


PINEVILLE  WOOD  PRODUCTS,  INC. 


CORE  STOCK  SEMI-DIMENSION  BODY  STOCK 


1000  Melrose  Street  P.  O.  Box  232 


Pineville,  Louisiana 


Cascades  Plywood 
Corporation 

Manufacturers  of  Douglas  fir  ply¬ 
wood  and  vertical  grain  Doug¬ 
las  fir  battery  separators 

General  office;  Public  Service  Build¬ 
ing,  Portland,  Oregon 

Plants  at;  Lebanon,  Oregon 


.  .  .  for  67  years,  suppliers  of  wooden 
containers  to  Pacific  Coast  grow¬ 
ers,  shippers,  manufacturers. 

CALIFORNIA  BARREL 
COMPANY,  LTD. 

San  Francisco  Los  Angeles 

Salt  Lake  City 

Wirebound  containers  •  Sawn  shook 
Veneer  covers  •  Barrels 

Exclusive  Distributors 

DUFF  CALIFORNIA  CO. 

100  Bush  Street 
San  Francisco  4,  California 
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VERSATILE  •  115  volt 


a-c  or  battery  operation; 


hammer  or  saw  type 
electrode  handle. 


DEPENDABLE  •  Utilizes 


the  inherently  accurate 


resistance  principle. 


CONVENIENT  •  Simple 


to  operate;  complete  in 


one  case;  weighs  only 


10  pounds. 


nit 

150*55 


COLD 

LAMINATING 

PRESSES 


ALL-PURPOSE  VERSION  of  this 

Model  8008  “Moisturonic”  Meter, 
with  scale  evenly  graduated  from 
0  to  200  (not  percent  moisture) 
indicates  relative  moisture  content 
of  many  types  of  materials.  Con¬ 
sult  us  on  special  applications. 


REVEALS  wood 
moisture  content  on 
large  two-range  scale. 

CALIBRATION  also 
shows  when  plaster  is 
dry  enough  to  paint. 


TAGLIABUE  INSTRUMENTS  DIVISION 

WESTON  ELECTRICAL  INSTRUMENT  CORPORATION 
M'D  \  614  Frelinghuyscn  Avenue, 

,  ^  Newark  5,  New  Jersey  \ _ 


Write  for 
Bulletins 


V  W  h  W  IVl  B  M 

MACHINERY  and  ENGINEERING  CORP 
Hamilton,  Ohio,  U.  S.  A 


PLYWOOD 

and 

VENEER 

PRESSES 


HYDRAULIC 
HOT  PLATE 
PRESSES 


SITKA  SPRUCE  LUMBER 
AND  MFC.  CO. 

Manufacturers  of 
WOOD  PRODUCTS 

■k  STORE  FIXTURES  ★  BOAT  STOCK 

★  AIRPLANE  PARTS  ★  PIANO  STOCK 

★  MILL  WORK  ★  LADDER  STOCK 

★  BEVEL  SIDING  ★  KILN  DRYING 

—  Carload  Quantities  — 

Lumber,  Ponderosa  Pine,  Hemlock, 
Douglas  Fir,  Sitka  Spruce, 
Plywood 

Write,  wire  or  phone  us  your 
requirements. 

Sitka  Spruce  Lumber  and  Mfg.  Co. 

PLANT  and  YARD 

2500  Genesee  P.  O.  Box  295 

Phone  GR.  0294-0295 

KANSAS  CITY  8,  MISSOURI 
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KOPPERS  BUILDING,  PITTSBURGH  19,  PA 


Write  Us  For 
Information 


SCOTTDALE  WOOD 
PRODUCTS,  INC. 


*  Multiple  Spindle  Gang  Borers 

*  Single  Spindle  Borers 

*  Horizontal  Borers 

*  Cable  Reel  Borers 

*  Crossarm  Borers 

*  Special  Sawing  &  Boring  Machinery 

*  Multiple  Panel  Reduction  Saws 

*  Lumber  Hoists 


Dexter  Brand^^ 


Kiln  Dried  Hardwood 
Flooring 
Trim 

Technical  Wood  Floor 


450  Thompson  St. 
YORK,  PENNA. 


Scottdale,  Pennsylvania 
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Rezo  cell-type 
Flush  Doors 

Manufactured  by 

PAINE  LUMBER  CO. 

LTD. 

OSHKOSH,  WISCONSIN 


sustained 
ffield  •  •  • 

The  J.  Neils  Lumber  Company  is  a 
pioneer  in  the  practice  of  selective 
logging.  We  will  continue  this 
basic  policy  of  susuined  yield  so 
that  there  will  be  a  perpetual  flow 
of  excellent  raw  materials  to  out 
mills;  so  that  we  may  continue  to 
produce  and  sell  quality  forest 
products  as  we  have  since  1895. 

J.  Neils  Lumber  Company 

MILLS:  LIBBY,  MONTANA  and 
KLICKITAT,  WASHINGTON 


Keep  'Em  Finng! 

A  Low  Price  for  a  Solid  Splice  on 
Ammunition  Boxes  and  Other  Jobs 


SARANAC 

CORRIKATED  FASTENER  DRIVER 


You'll  find  this  Scuanac  a  versatile,  hard¬ 
working  machine  for  making  low-cost 
splices.  Here's  why;  It'll  drive  fasteners 
into  the  hardest  woods,  because  driver 
supports  fasteners  to  the  last  thousandth 
as  they're  driven.  It'll  join  a  hard  board 
to  a  soft  board.  And  it'll  even  anchor 
loose  knots. 

This  costs  less  to  do  on  a  Saranac, 
which  uses  standard  coil-wound  fastener 
stock.  You  con  adjust  head  to  cut  and 
drive  fasteners  from  4  to  8  corrugations 
long — from  y^"  to  3/4"  wide — plain  or  sow 
edge — to'  flush  position  or  imbedded  into 
board.  For  versatile,  low-cost  splicing  in¬ 
vestigate  Saranac's  Corrugated  Fastener 
Driver. 

SARANAC 

MACHINE  CO. 

BENTON  HARBOR,  MICHIGAN 

Manufacturers  of  the  World's  Largest  Line  of 
Fastening  Machinery 


Kiln  Dried  Balsa  Lumber  Core  Stock 

Aircraft  Sandwich  Panels — Aircraft  Plywood — Flush  Doors 
Lightweight  Trailers  —  Railroad  Cars  —  Partition  Panels 

BALSA  ECUADOR  LUMBER  CORPORATION 

500  Fifth  Avenue  New  York  18,  N.  Y.  PE  6-0697 

Sawmills,  Dry  Kilns,  Treating  Plant,  Guayaquil — Ecuador,  S.  A. 


FORESTRY  RESEARCH 
FOUNDATION 

(NON-PROFIT  CORPORATION) 

Serving  the  forestry  interests  both  public 
and  private  in  Oregon  and  the  Pacific  North- 


711  Equitable  Building 

Portland,  Oregon 


Organized  to  facilitate,  encourage  and 
promote  research  in  forestry.  Associated 
with  the  Oregon  Forest  Products  Laboratory. 

OFFICE  OF  THE  SECRETARY 

SCHOOL  OF  FORESTRY 

OREGON  STATE  COLLEGE 
CORVALLIS,  OREGON 


Pacific  Coast 
Forest  Products 


PIERSON-HOLLOWELL  COMPANY,  INC. 

MANUFACTURERS  of 

FACE  VENEERS  &  HARDWOOD  LUMBER 

American  Walnut — White  Oak — Mahogany — Fancy  Woods 


GENERAL  OFFICES 
518  N.  Delaware  St. 
Indianapolis  4,  Indiana 


MILLS 

Lawrenceburg,  Indiana 
Keokuk,  Iowa 


BUSS  I  a  complete  line  oi  Single 
ijid  Double  Surface  Wood  Planers 


O,  4-L  Single  Surface,  Wedge 
Adiusted  Bed  4-roll  planer.  Ca¬ 
pacity:  24",  26",  or  30"  x  8". 
Medium  size  for  first  cutting  or 
finishing  work.  Net  weight,  30", 
4S00  Lbs. 


No.  208  Single  Surface,  Oouble 
Screw  Adiusted  Bed  4-roll  planer. 
Capacity:  20"  x  8".  Small  size 
for  first  cutting  or  finishing  work. 
Net  weight,  22S0  Lbs. 


O*  248  Single  Surface,  Double 
Screw  Adjusted  Bed  4-roll  planer. 
Capacity:  24"  x  8"  Medium  size 
for  cutting  or  finishing  work.  Net 
weight,  3450  Lbs. 


X  N  the  wide  range  of  models  and  sizes  offered  by  Buss  the 
right  machine  can  be  selected  for  each  type  of  production  set  up. 

The  larger  machines  have  a  number  of  patented  features  that 
give  instantaneous  adjustments  and  great  flexibility  to  these  ma¬ 
chines. 

Typical  of  these  features  are  the  shearing  bar,  which  prevents 
knots  and  large  slivers  from  being  carried  around  the  cutterhead 
and  jamming  the  pressure  bar;  the  lower  roll  micrometer  control 
which  adjusts  the  rolls  from  rough  to  finish  work  with  the  flick 
of  the  dial;  the  instantaneous  pressure  bar  control  which  gives 
instant  adjustment  for  knife  wear  and  gives  the  right  pressure  for 
each  run  of  stock. 

BUSS  MACHINE  WORKS  256  EIGHTH  STREET 

HOLLAND,  MICHIGAN 


lo.  44  single  Surface,  Wedge 
Adjusted  Bed  4-roll  planer  for  first 
cutting  and  finishing  work.  Capacl- 
rtes:  26",  30",  36",  40"  or  50"  x 
8".  Net  weight,  30",  6500  Lbs. 


No.  88  Double  Surface,  Wedge 
Adjusted  Bed  8-roll  planer  for  6rst 
cuMng  and  finishing  work.  Capaci¬ 
ties:  30",  36",  or  40"  x  7".  Net 
weight,  30",  12000  Lbs. 


O.  66  Single  Surface,  Wedge 
Adjusted  Bed  6-roll  planer  for  first 
cutting  and  finishing  work.  Capaci¬ 
ties:  30",  36",  40"  or  50"  x  8". 
Net  weight,  30",  7500  Lbs. 


No.  55  Double  Surface,  4  Screw 
Adjusted  Bed  for  planing  rough 
lumber  Capacities:  20",  30"  x 

14".  Net  weight,  30",  9500  Lbs. 
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THE  FILER  &  STOWELL  CO. 


MILWAUKEE— WISCONSIN— U.  S.  A. 


OLDEST/AND  LARGEST  MANUFACTURER  OF 


COMPLETE  LINE  HIGH  GRADE  HEAVY 


SAW  MILL  MACHINERY 


NU-WOOD 

SEALED  INSULATION  insulating  Interior  FiiiMh 

TUFFLEX 

CUSHION  PADDING 

. . .  products  from  wood  fiber  with 
millions  of  satisfied  customers. 

®WOOD  CONVERSION  CO. 

SAINT  rAUL  •  MINNISOTA 

BALSAM-WOOL,  NU-WOOD,  T  U  F  F  L  E  X  —  R  E  G I  ST  E  R  C  D  TRADEMARKS 


CONCENTRATION 


r  FOR  VARIOUS  > 
WOOD  PRODUaS 
VENEERS  & 

I  FIBRE  BOARDS  > 
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352  BANK  ST. 


8  Lme  Gas  Firad  Coe 
Fibieboard  Dryer 


Coe  Dryers,  in  their  present  form,  are 
the  result  of  almost  50  years  of  special¬ 
ization.  The  original  Coe  Dryer  was 
built  and  sold  in  1902. 

Dryers  are  available  in  sizes  and 
types  for  all  needs,  for  drying  fibre- 
boards  and  veneers.  They  are  rated  con¬ 
servatively  and  sold  on  a  guaranteed 


performance  basis.  Almost  without  ex¬ 
ception,  performance  has  exceeded  the 
guarantee. 

Our  engineering  and  research  de¬ 
partments  are  always  willing  and 
anxious  to  cooperate  in  the  develop¬ 
ment  of  drying  processes  for  new  wood 
products. 


Wet  end  10  section,  4 
line,  12  ft.  roll  Model 
48  Coe  Veneer  Dryer. 


PENACOLITF  ADHESIVES 

FOR  BONDS  AS  STRONG  AS  THE  WOODS  THEY  JOIN! 


#  There’s  a  Penacolite  Adhesive  for  your  every 
bonding  job  problem:  Penacolite  Adhesive  G-1131 
for  general  assembly  bonding — especially  marine 
and  aircraft  use;  Penacolite  Adhesive  G-1124  for 
gluing  of  oak  and  other  woods  having  large  rays; 
Penacolite  Adhesive  G-1215  for  economical  exterior 
service  applications. 

And  our  newest  development,  for  general  bond¬ 
ing,  Penacolite  Adhesive  G-1260 — a  modified  resor¬ 
cinol-formaldehyde  adhesive  that  is  comparable  to 
straight  resorcinol  adhesive,  yet  saves  almost  half 
the  scarce  resorcinol  otherwise  required  .  .  .  and 
costs  25%  less  than  regular  resorcinol  adhesives! 

All  of  these  adhesives  stay  firm  and  true  in  tem¬ 


peratures  ranging  from  -40°C.  to  temperatures  that 
actually  char  wood!  They’re  unaffected  by  fresh  or 
salt  water,  most  organic  solvents  and  most  acids. 

And  they  cure  at  room  temperatures  ...  no  corro¬ 
sive  catalysts  or  special  applicators  are  necessary. 

For  further  details  about  Penacolite  Adhesives 
send  for  any  of  these  bulletins:  C-O-145,  covering 
Penacolite  Adhesive  G-1131;  C-O-148  on  Penacolite 
Adhesive  G-1124;  C-O-143  on  Penacolite  Adhesive 
G-1215;  and  C-1-152-T,  which  describes  Penacolite 
Adhesive  G-1260.  For  information  about  supply 
availability,  see  your  nearest  Koppers  Chemical 
Division  office.  And  of  course,  our  technical  service 
is  always  at  your  call. 


Chemical  Division 


KOPPERS  COMPANY,  INC. 
Dept.  FPS-1,  Koppers  Building 


Pittsburgh  19,  Po. 


koppers!  penacolite  resorcinol  adhesives 


Lumber  Manufacturers  and  Tree 
Farmers  of  Both  Hardwood 
and  Pine 

Oak  Flooring,  a  Specialty 


Promote  CONSERVATION 


Through  PRESERVATION 


-  BY  USING  - 


Crania 

Humber  Company 


URANIA,  LA. 


**Blach  Beanty^* 
Products 


TEXAS  CREOSOTING 
COMPANY 

Orange,  Texas 


SURFACE  AND  BAROMETRIC  CONDENSERS 


CREOSOTE  HEATERS -STRAINERS -  MOTORS 


STEAM  JET  EJECTORS 
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Modern  essential  wood  processing  equipment 


Elliott  Company,  with  a  vast  background  of  experience 
in  vacuum,  heat  transfer,  steam  and  electrical  en¬ 
gineering,  builds  modern  essential  equipment  for  use 
in  the  cycle  of  processing  and  treating  wood. 


In  addition  to  the  equipment  specially  noted  below, 
Elliott  mechanical  drive  turbines,  with  a  solid  repu¬ 
tation  for  reliability,  are  available  where  steam  turbine 
drives  are  desirable. 


Write  for  complete  information  about  these  prod¬ 
ucts,  and  consult  Elliott  engineers  regarding  their 
application. 


Elliott  Company  has  developed  both  surface  and  baro¬ 
metric  condensers  for  use  in  connection  with  the  vacu¬ 
um  operation  of  wood  treating  cylinders.  These  con¬ 
densers  are  designed  to  meet  individual  specifications 
and  conditions  surrounding  the  specific  installation. 


Shown  here  is  an  Elliott  creosote  heater  installation. 
Below  the  heater,  note  the  Elliott  twin  strainer  that 
assures  clean  creosote,  and  the  Elliott  motor  driving 
the  pump.  This  combination  provides  reliability  and 
maintenance-saving  operation. 


Elliott  steam  jet  ejectors  can  pull  practically  any  re¬ 
quired  vacuum  in  any  required  time.  In  wood  proc¬ 
essing,  Elliott  single-stage  ejectors  are  usually  applied, 
but  where  higher  vacuum  is  needed,  multi-stage  units 
are  available.  At  left  is  shown  a  twin  two-stage  ejector. 
Elliott  ejectors  have  no  moving  parts,  require  no  lubri¬ 
cation,  and  can  be  installed  compactly  in  any  location. 
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a  compfefe  Stock 


FANS  XO"-»oS4-’'  Ml kM  TRUCKS  FINNEDRIRE 


lEADERS  IMSTRUJKENTS  ROOF  VENT  MOTORS. 


TRUCK  WHEELS 


RAIL 


M AMCARS 


We  maintain  or  can  manufacture  a  complete  stock  of  dry  kiln  parts 
for  your  dry  kiln. 


Fittings 
Door  Carriers 
Door  Carrier  Parts 
Control  Valves 


•  Roof  Vents 

•  Motors 

•  Kiln  Paints 

•  Pedestals 


•  Moisture  Meters 

•  Traps  •  Bearings 

•  Desuperheater  Spray 

•  Spikes — bolts— clips 


If  you  have  a  ports  problem  write 
Dept.  FP-1  for  Complete  Information 


OFFICES  AND  WAREHOUSES  IN 
SAN  FRANCISCO.  CALIFORNIA 
LOS  ANGELES.  CALIFORNIA 
HONOLULU.  HAWAII  -MANILA.  R  P 
VANCOUVER.  BRITISH  COLUMBIA 


[.  m.  LOUSTED  &  [0.,  me. 

EITGINEERS  AND  MANUFACTURERS 
4000  W.  MARGINAL  WAY  •  SEATTLE  6,  WASH. 
PHONE  AValoij  4000 


(AllE  ADDIISS: lOVSTID 


Manufacturers  of  the  Lovsted  North  Coast  “DIRECT  FLO"  Dry  Kilns 
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Manufacturers  of 

HIGH  GRADE  FLAT 
or 

CURVED  PLYWOOD 


mooily  Oo. 


S  H  E  B  OYG  AN 
WISCONSIN 


P-398 


for  the  uniform  production  of  high  quality  plywood 


li  your  business  is  plywood  production,  chances  are 
you  already  know  about  RCI's  P-398  Plyophen. 
Millions  of  pounds  oi  this  liquid,  water-soluble 
phenolic  resin  are  used  annually  with  both  hard 
and  soft  woods  in  the  production  of  high  quality 
exterior  and  interior  plywoods.  P-398  affords  excel¬ 
lent  water  resistance,  low  glue  line  costs,  maximum 


curing  speed  with  minimum  pressure  and  tempera¬ 
ture,  extremely  high  wood  failure  and  ready  avail¬ 
ability.  P-398  is  approved  by  the  Douglas  Fir  Plywood 
Association  and  meets  Government  specifications. 
Further  facts  and  a  working  sample  may  be  obtained 
by  writing  the  RCI  Sales  Department  at  either 
Detroit  or  Seattle. 


REICHHOLD  CHEMICALS,  INC.  Ri^ll) 

General  Otticet  and  Main  Plont,  Detroit  20.  Michigon 

Dtsab^th,  N«w  «  South  Soa  FroncMCO  and  Atuta,  CohlorBiQ  e  Tuncalooso,  Alabomo  •  Soottlo,  Woahinqtoa  •  Chicoeo.  Ultaou  •  Cho'tlbtta,  N  C. 

Ltvarpeol,  Eaglaad  •  Potu.  Froaeo  *  Sydaay.  Auftroho  •  SotMahaim  ond  Apoldeern,  Holland  •  Naplot,  Italy  •  Buonot  Airot,  Ai9«nlina  •  Haaburg,  Goraaay 
Toronto  ond  Pert  Moody,  Canodo  *  Cast  Londea,  South  Africo  •  Otoka,  lapon  •  Woindorf,  Austrio  •  Gothonburg,  Swodon  •  Zurich.  Switsarland 

STNTMCTIC  RCSINB  •  CHEMICAL  COtOBB  •  PHENOLIC  PLASTICS  •  PHENOL  •  CLTCEBINE 


PHTHALIC  ANHTDBIDB 


MALEIC  ANHTONIOB 


SODIUM  SULTATB 


SODIUM  SULFITE 
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Improve  Wood  Processing 

With  Basic  Allis^Chalmets  Developments 
In  Wood  Utilization  Equipment! 


PROCESS  PLYWOOD  PANELS  faster  with  batch  press  and 
Aliis-Chalmers  15  kv  dielectric  heater. 


BARK  ALL  PULP  WOODS  ecanamically  with  the  Stream* 
barker  —  hydraulic  bark  remover. 


REDUCE  WOOD  WASTE  to  fiber  between  hardened  PUMP  STOCKS  up  to  8  per  cent  consistence  with  "PW 
plates  of  the  tnfer-Pfone  Grinder.  Pump"  ond  “Hi-DtntHy  Feeder"  team. 


THESE  EXAMPLES  —  selected  from  hundreds  of  Allis-Gialmers 
products  used  in  wood  processing  industries  —  show  the  importance 
of  Allis-Chalmers  in  efficient  utilization  of  wood  supplies. 

If  you  want  to  improve  your  products  or  increase  production,  chances 
are  Allis-Chalmers  can  fill  your  equipment  requirements.  For  informa¬ 
tion  on  the  complete  equipment  line,  call  your  nearby  Allis-Chalmers 
Sales  Office  or  write  for  Bulletin  25B6827.  a-3184  . 

ALLIS-CHALMERS,  812A  SO.  70  ST. 


MILWAUKEE.  WIS.  J 

Hi-Density,  luttr-Plant  and  SlrtMmitirker  ate  Allis-Chalfflers  trademarks.  ^ 

AUlS-CHAlMERS 
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Since  1929  Hyster  Company  has  been 
identified  with  the  forest  products  indus¬ 
try.  .  .  .  Hyster  tractor  equipment,  made 
for  use  with  "Caterpillar"  track-type 
tractors,  includes  winches,  yarders  and 
donkeys,  arches  and  sulkies,  and  the 
Hystoway  (combination  dragline,  clam¬ 
shell,  crane,  shovel  and  backhoe).  .  .  . 
Hyster  lift  trucks  and  straddle  trucks  in- 


HYSTER 

EQUIPMENT 
for  the 
Forest  Products 


Industry 


elude  8  models,  all  on  pneumatic  tires, 
ranging  in  capacity  from  2000  lbs.  to 
30,000  lbs.  .  .  .  Hyster  dealers  are  located 
in  principal  cities  throughout  the  world. 
.  .  .  Hyster  Company,  Portland,  Oregon: 
Peoria  and  Danville,  Illinois. 


HYSTER 


I 
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FOUR  COMPLETE  MANUFACTURING  PLANTS  TO  SERVE  YDU 


JacksonTille. 
Fla.,  Plant 


North  Portland. 
Oro..  Plant 


Brampton,  Ont., 
Canoda,  Plant 


Vancoutror.  B,  C„ 
Canada,  Plant 


11(0 

fr(0i^ 

by  over  70year$  of  Praefieal  ExperieHCe 


Moore  Cross -Circulation  System  Moore  Lumber  Handling  Equipment 


•k  Moore  Cross-Circulation  Conventional  Kilns 

^  Moore  Cross-Circulation  Unit  Package  Kilns 

k  Moore  Cross-Circulation  Direct  Heated  Kilns 
(using  natural  gas  or  fuel  oil) 

k  Moore  Mechanical  Roller  Veneer  Dryers 

k  Moore  Cross-Circulation  Veneer  Dryers 

k  Moore  Master  Recorder-Controllers 
with  Automatic  Vent  Control 

k  Moore  Metal-Insulated 
Dry  Kiln  Doors 

k  Moore  Fin-Pipe  Radiation 

In  fact,  everything  for  drying  forest  products 


k  Moore  Lumber  Stackers 

k  Moore  Lumber  Unstackers 

k  Moore  Breakdown  and  Loader  Hoists 

k  Moore  Cable  Lumber  Lifts 

k  Moore  Power  and  Manual 
Traiufer  Cars 

k  Moore  Electric  Swedes 

k  Moore  Car  Pullers 

k  Moore  Turntables 

k  Moore  Rollweld 
Dry  Kiln  Trucks 


MOOSBDBtKIUI  COMPJINY 


Oldest  and  Largest  Manufacturers  of  Dry  Kilns  and  Veneer  Dryers 

JACKSONVILLE  BRAMPTON.  ONT.  VANCOUVER.  B.  C.  NORTH  PORTLAND 
FLORIDA  CANADA  CANADA  OREGON 
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■S'4i/vs  •  knives  • 


Cutting  Tools  You  Can  Depend  On 
for  Quality,  Performance,  Economy 

Made  of  steel  from  Simonds  own  steel  mill,  each  Simonds  Cutting 
Tool  is  designed  and  manufactured  expressly  for  the  particular  job 
it  has  to  do.  The  making  of  these  famous  high  quality  Saws, 
Knives  and  Files  is  supervised  by  men  of  long  experience  in  pro¬ 
ducing  the  finest  in  cutting  tools  .  .  .  tools  that  step  up  production 
and  cut  costs  .  .  .  tools  that  are  preferred  throughout  the  forest 
products  industry. 

Simonds  experienced  Saw  and  Knife  Specialists  will  be  glad  to  help 
with  any  unusual  cutting  problems — can  be  reached  through  your 
nearest  Simonds  office.  Simonds  Products  are  sold  through  leading 
Industrial  Supply  Distributors. 


SIMONDS 

SAW  AND  STEEL  CO. 


FITCHBURG.  MASS. 


BRANCH  OFFICES  IN  BOSTON.  CHICAGO,  SAN  FRANCISCO  and  PORTLAND,  ORE. 
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.ARDBOARD  MACHINES,  engineered  and  built  by  Downingtovn 
Manufacturing  Company  are  actually  designed  by  experience ...  by 
Downingtown’s  experience  as  the  leading  builder  of  board  machines. 

Beginning  with  Downingtown’s  exclusive  multi-pass,  flow  spreader 
headbox,  through  the  forming  machine  and  water  removal  in  the 
press  section  to  final  delivery  of  the  board,  each  operation  has  been 
designed  for  maximum  efficiency  ...  to  produce  more  tons  of  board 
for  every  horsepower  of  input. 

Downingtown  designs  and  builds  Fourdrinier  type  hardboard 
machines  to  meet  specific  requirements  of  various  types  of  raw  materials 
available,  the  forming  characteristics  of  the  fibres  and  the  specifica¬ 
tions  of  the  finished  board. 

Downingtown  engineers  will  survey  your  operations  to  determine  the 
type  of  machine  best  suited  to  your  requirements  whether  they  be 
for  the  utilization  of  waste  material  or  the  modernization  or  expan¬ 
sion  of  existing  facilities. 


1.  View  of  a  large  Downingtown  Board  Machine  looking 
from  the  headbox  toward  the  Fourdrinier  type  forming 
section  and  the  pneumatic  cylinder  loaded  press  section. 

2.  A  typical  Downingtovm  spring-loaded  Press  Section, 
showing  five  sets  of  presses,  the  first  and  last  of  which 
use  suction  rolls  both  top  and  bottom. 

3.  This  is  an  elevation  drawing  of  a  four  foot  hardboard 
machine  with  no  suction  rolls.  The  machine  produces 
ooard  for  both  wet  and  dry  processes. 


Write  for  Bulletin  No.  549 
which  describes  details  of 
Downingtown  Board 
Machines 


DOWNINGTOWN  MANUFACTURING  COMPANY,  DOWNINGTOWN,  PA. 

Pacific  Coast  Representative:  John  V.  Roslund,  Pacific  Bldg.,  Portland  4,  Oregon. 


DESIGNERS  AND  BUILDERS  OF  PAPER  MAKING  MACHINERY  SINCE  1880 


PACIFIC 

NORTH¬ 

WEST 

SECTION 


'  DaKO  I  Ah 
TERRITOK  V 


UPPER 

ImississippT 

I  VALLEY 
SLCTIOP^ 


NORTHERN 

CALIFORNIA 

SECTION 


PLAINS  ] 
StERRITORY; 


ROCKIES 

TERRITORY 


VIRGINIA>- 
CAROLINA 
SECTION  , 


^  FLORIDA- 
S  GEORGIA- 
ALABAMA 
K  SECTION 


3  TOP  LEVEL  MEETINGS!  FPRS  rotates  A  NEW,  VITAL  PUBLICATIONS!  FPRS  members  receive  per- 

•  its  meetings  so  that  you  can  count  on  one  manent,  indexed  volumes  covering  important  developments  in 

or  more  a  year  convenient  to  your  work  or  wood  today  .  .  .  the  Annual  Proceedings  pictured  .  .  .  plus  the  new 
travel.  June  23-26,  1952  the  national  meeting  quarterly  Journal  of  FPRS. 
will  be  in  Milwaukee,  Wis. 

Short  of  self-gained  experience  where  else  can  you  command  this  wealth 
of  information  .  .  .  range  of  contacts  .  .  .  opportunity  to  develop  leader¬ 
ship,  for  so  little  investment?  Annual  dues,  $15.  Write  for  details. 

Join  Forces  with  the  FOREST  PRODUCTS  RESEARCH  SOCIETY 

Research  *  Development  *  Production  *  Utilization  *  Distribution 


4  Pictures  Worth  One-Thousand  Words... 


2  STRONG  LEADERSHIP!  FPRS 
meetings  and  publications  reflect 
the  caliber  of  our  industrial  and  re¬ 
search  leadership — from  our  National 
and  Section  officers  to  the  more  than 
200  speakers  who  appear  before  you 
each  year. 


fj  NORTHEAST 
y  SECTION 


1  ACTIVE  ORGANIZATION!  As  a  member  of  FPRS  you  affiliate 
with  one  of  12  active  Sections  and  are  welcome  to  attend  all  local 
and  national  meetings. 
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CONNOR  LAYTITC  FLOORING 

MAPU,  BIRCH  OR  OAK 
IN  CARTm  OR  IN  LIFT  PACKAOS 


C  O  NNOR 

PACKAGED  FLOOWHG 


Cartons  keep  flooring  dry;  keep  contents  clean; 
and  keep  moisture  content  more  uniform. 


Assorted  lengths  in  packaged  flooring  save  time 
in  laying — no  need  to  open  several  packages. 


Flooring  bundles  in  lift  packages  being  loaded 
into  a  railway  car  by  fork  truck.  Car  can  be 
unloaded  in  l^e  manner,  with  fork  truck  enter¬ 
ing  car,  in  one-fourth  the  time  required  for 
manual  handling  or  straps  can  be  broken  and 
car  unloaded  without  a  fork  truck. 


One  end  of  car 
loaded  with  floor¬ 
ing  in  lift  pack¬ 
ages  is  being  brac¬ 
ed  with  steel  strap¬ 
ping  to  prevent 
unit  loads  from 
shifting  during 
transit  from  mill 
to  dealer. 


FOREST  PRODUaS  SINCE  1872 


Each  carton  is  plainly  marked  for  grade  and 
scale — a  definite  aid  to  inventory.' 


m  cmm  lumber  and  laiw  co. 

P.  a  Box  112-P  MARSmElD,  WOCONSHI  Tokphooo  3  or  418 
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